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PREFACE. 



The carbohydrate principles constitute by far tlie largest portion 
of organic matter. They thus hold a position of great siguiiicance 
in relation to living nature. Taking origin in the vegetable king- 
dom as a result of the operation of solar influence through living 
matter, they primarily play a part in the scheme of life of the 
vegetable organism, and secondarily enter, either directly or indi- 
rectly, into the food supply of animals. 

It is this latter subject which is specially dealt with in this 
volume, but a comprehensive view of the bearings of the carbo- 
hydrates throughout both living kingdoms requires to be taken, in 
order that a right understanding may be obtained of their appli- 
cation within the animal system. The pj'evailing notions have 
been constructed upon a fallacious foundation. I liave entered 
minutely into the experimental evidence by which the eiTor ex- 
isting is made manifest. By the glycogenic doctrine the mind has 
been conducted in the wrong direction, and, as a natural conse- 
quence, the search for knowledge has hitherto resulted only in 
fruitless gropings in the dark. Through the recognition of the 
glucoside constitution of proteid matter a clue was given which 
has led to the discovery of \vhat I venture to regard as the true 
key to the situation. With the light that has been thrown upon 
the question, nature can be intelligibly read, and we have simply 
to look around and take notice of the results that arc lying clearly 
open to view before us. The new departure brings the operations 
of animal and plant life into harmony with each other. I'ho 
simplest of organisms — a yeast cell for example — may, indeed, be 
made use of to illustrate the occurrences taking place in our own 
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bodies. Moreover, the teachings of experience in connection with 
diabetes, which may be pronounced to be absolutely irreconcilable 
with the prevailing physiological views, not only agree with, but 
in the strongest manner support, the doctrine that is in this 
volume set forth. 

A life's labour, attended with unceasing laboratory work, has 
been devoted to the attainment of the knowledge that has been 
acquired. To the authorities of Guy's Hospital I shall ever feel 
grateful for the assistance rendered in the cause of science by the 
provision of laboratory accommodation throughout the period of 
my association as a member of the acting staff. Since that period 
I have found in the research laboratories of the Koyal Colleges of 
Physicians and Surgeons at the Examination Hall everything that 
could be desired for facilitating my experimental work, and thus 
promoting advance to the goal that has now been reached. 

During the many years that my investigations have been 
carried on I have been assisted by a succession of zealous and 
able helpers, derived from past students of the Eoyal College of 
Chemistry. Notable amongst the assistants who have rendered 
me vfduable service are Mr. Scard, Mr. Rowntree, and Mr. Siau. 
It is a pleasing duty to tender this acknowledgment, and it re- 
mains for me further to say that to Mr. Eowntree I am, in addition, 
indebted for painstaking aid in the labour involved in the issue of 
this work. 

35, Grasvenor Street, 
Grosvenm' Stfuare. 
May, 1894. 
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Trb carbohydrates conHtitnte a sharply- do Qned group oF prinoiplea 
occurring widely and largely in the i-palm of organie nature. 

They are composed of tho three elements, carljon, hydrogen, and 
oxygon. Tho number of carbon atoms in the molecule is ordinarily 
§ix, or a mnltiple of six,* and tho hydrogen and oxygon are always 
present in tho proportion to form water. 

Tho general formula for tho gi'oup may be repi-esontod as 
JOj(H,0),}b, ; and, looked at simply from thoir elementary compo- 
sition, tho constitaeiit members Htand throogbout in the position 
of hydrates of carbon. In speaking of them, however, as oarbo- 
hydratus, it is not considered that there are grounds for regarding 
them as actual compounds of carbon wilh wat«r, and the eiprefisiona, 
therefore, that will be subseq neatly used with reference to transforma- 
tion, attended with increased or decreased hydration, merely imply 
an increase or decrease in the proportionate amount of the elements 
of water. 

With this nnderstanding, the term carbohydrates is a convenient 
one for asHotiating the bodies of the gronp together and distingnish- 
ing them from other non -nitrogenous principles. 

In common with other organic compounds, the carbohydrates have 
their source, directly or indirectly, in the vegetable kingdom. Undei' 
the iuflnence of the sun's rays, vogetable protoplasm containing 

• Bj nrtiflcial mentis, tugM* witli 7, 8, »nd carbon atom* havo Iwen conrtruoted 
from Iho oKlinnry (1 -carbon -iiUiiu iugsr. EiBmple«, aa my friend ProfoBior OdlJng, 
of Oxford, hu pointed out to me, of Ioh tlmn S-cnrbon-atom sugnn, placid in pro- 
grwaiie order of deecout, iiro pruaanted by orabinoM (CjHuiOi), obtainable by 
faj-drolyaiB from gum arable ] erythruae (C,it«0,), yielded by the oxidation of 
arythrit«, a prindple oxlravtod fnini lichona i glyooruav (CjUfO,), furnialied by tbu 
oxidation of gljcorinc i nnd glyi^oloae (C,1I,0 ), derived from the oxidation of 
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cMoropliyll is endowed with tlie power of disBociating tlie elemeots 
of morgoiiic principles, and w combining them into organic com- 
pounds, It is the great province of the vegetable kingdom thna to 
pliiy a constmctive part in the economy of ufltare. The living proto- 
plasm of the plant, by virtue of itfi capability of acting npon matter 
brought within the sphere of its inetRbotIc inflnence, serves as an 
instrument, through the medium of wUich tlio solar energy effects 
the changeB that oocor; and the energy so expended bocomos locked 
np in a latent, or potential, state in the compound formed, ready to be 
liberated as actual or kinetic energy when the compound is destroyed. 
In the plant the destruction of organic matter with its attendant 
liberation of energy takes place normally to a compai-atively insig- 
nificant extent, but in certain apecial operations, as, for instance, 
notably in flowering and germination, it somewhat more largely 
occurs. It is pre-eminently in the system of the animal that organic 
matter is Actively destroyed, the enei'iry set free becoming manifest 
in the varied activities which constitute the characteristic attribute 
of animal life. 

We cannot satisfactorily trace the steps throngh which the carbo- 
hydrates are synthetically formed ; but attempts have been made in 
this direction, one of which, the fonnic aldehyde hypothesis, may be 
mentioned by way of illustration. This view aasunies that formic 
aldehyde (CH,0) is first produced, aj^cording to the equation 

C0g + H,0 = CH,0 + 0i, 
and that this body then gives rise, by polymerisation, or the union of 
several molecules to form one larger molecule, to a carbobydratfi of 
the composition C(Hi,Oe, thus — 

6(CIIjO) = C.H,,0,. 

But whatever the nature of the steps, we can nay with complete 
confidence that as the ultimate result carbon is separated from the 
carbonic acid of the atmosphere, and associated with the elements of 
water, yielding as the product a carbohydrate. 

Instead of the process, however, being a purely chemical one, of 
the simple natore depicted above, it may happen that the eorbo- 
hydrate is the outcome of a complex physiological change. It may be 
that a nice or less elementary compound is fii-st formed, whitb be- 
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CESEisIS OF CARBOUYIIKATE MATTEU. 

comos embodied in the snbBttmce of the living protopIaBm, and that 
from this the carbohydrate is snbaeqnently thrown off as a cleavage 
product of protoplasmic activity. To amplify this statement : iosfcead of 
the carbohydrate being directly, or by intermediate steps, Hynthesised 
from its elements, it may happen that these become appropriated by 
the living protoplasm and worked up into the proteid matter of which 
protoplasm is constituted, and from which the carbohydrate by a 
further action is afterwards split off. The inodus operandi may not 
be the same, but the splitting off of a cnrbohydydrate from a nitro- 
genous molecule is an event that, as is well known, may be brought 
about by the action of chemical agents and fermcntB in the case of 

Paatenr, many years back, showed, as will be more fully con- 
sidered at pp. 20 — 21, that a few yeast cells placed in a medium 
containing tartriite of ammonia, sugar, and the ash of yeast live and 
multiply. From these simple materials the proteid of protoplasm is 
thus built up by the agency of pi'e- existing protoplasm. Farther, 
carbohydrate matter is met with in the yeast organihm in the form 
of cellalose and glycogen : that is, in a lower state of hydration than 
the carbohydrate matter existing in the pabulum. Seeing, as it must 
bo considered, that the sagar of the pabulum contributes with the 
ammonia to the production of proteid, it may happen by a anbsequeut 
operation that the carbohydrate is split off' in an altered form, thus 
occasioning the transmutation that is observed to occur. The step 
from the position eiiating in the case of the yeaat cell to that of the 
protoplasmic matter concerned in the primary formation of carbo- 
hydrate matter is not a wide one. The only essential difference dis- 
cernible is that the proteid matter is constructed by the latter from 
the more elementary materials carbonic acid, water, and ammonia, 
iu plaue of the formed carbohydrate and tartrate of ammonia. 

I have spoken of the primary formation of carbohydrate matter, 
and tbe view taken about its being a cleavage product from proteid 
matter harmonises with the view that is held with regard to the de- 
position of starch and cellulose derived from the preformed carbo- 
liydiule of the plant. For p'owth and storage of reserve material, 
large quantities of carbohydrate matter are being deposited as cella- 
lose and starch. These are derived from carbohydrate matter con- 
vejcd iu the form of soioUe sugar to the seats of deposition, and in 
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the transmutation that occars it is considered probable that the sugar 
becomes incorporated with the protoplasmic matter, through the 
agency of which the operation is performed, and from which the 
carbohydrate is split off in an altered form. Alike in the primary 
formation of starch from inorganic materials, and in its secondary 
formation from pre-existing carbohydrate, the protoplasmic material 
in which the starch makes its appearance is observed to become 
diminished in quantity, or, as it were, used up. 

The actual seat of primary formation of carbohydrate matter is in 
the chlorophyll corpuscles. These are little protoplasmic bodies 
which, under the influence of light, are endowed with the power of 
appropriating materials derived from the inorganic kingdom to the 
building up of organic matter. 

The form in which carbohydrate matter primarily becomes mani- 
fest is as starch. Whether, as is by some surmised, this is preceded 
by sugar, or whether it is not, the first visible or demonstrable carbo- 
hydrate product is starch. As the operations of life in the chloro- 
phyll corpuscles proceed, starch grannies make their appearance. 
Sachs, describing the changes perceptible in chlorophyll corpuscles 
by the aid of the microscope,* says : — " The old observations of 
Naegeli and myself show that in the primitively quite homogeneous 
green substance, starch grains, at first extremely small, become visible, 
usually distributed in twos, threes, or more in the mass of chloro- 
phyll of the corpuscle. These enlarge and, as they meet one another 
during growth, become flattened and applied close to one another 
with plane surfaces, while their free sides remain rounded and be- 
come arranged more or less according to the form of the chlorophyll 
corpuscle; occasionally, however, when they arise at the circum- 
ference, they protrude from the chlorophyll corpuscle. I also 
observed almost 20 years ago that, under certain circumstances, 
when leaves turn yellow without being diseased, the starch grains 
grow so vigorously in the chlorophyll that the latter becomes, so to 
speak, entirely displaced by them ; and finally, in place of the chloro- 
phyll corpuscle, there lies a starch-grain compounded of several 
grains." 



• * Lectures on the Physiology of Plants,' by Julius von Sachs, translated by 
H. Marshall Ward, p. 315 : Clarendon Press, Oxford, 1887. 



t;iIBMlSTRY OF THE CARBOHTOnATES. 



Chemical Constitutios. 

According to its percentage coinpoaitioii, carboliydrato matter is 
conBtitnted of carbon with the elements of watev, but ita behaviour 
under different conditions and its derivation products may be taken 
as showing that ita molecalar construction ia of a much more complex 
nature. I have spoken of its origin as a product of the vegetable 
kingdom. It is not exclusively, however, thi-ongb the operations of 
living matter that its formation is capable of being effected. 

Amongst the achievements of modern chemistry has been the 
artificial synthesis of several carbohydrate bodies, and the discovery 
of the means of effecting the similar formation of others is probably 
only a matter of time. The labours of Erail Fiscbor led some years 
baek to the synthetic formation of a fermentable sugar having the 
composition of dextrose (CoHuOj) and closely resembling it in 
jiropertiea, but proving to be optically inactive. This body, desig- 
nated n-acrose, became the starting point for attaining the synthesis 
of fui-ther products, amongst which were several fennentable sugars 
of the glucose group, including ordinary dextrose and Irevuloae. 

A further achievement has been the auceessive production from a 
eix-cai-bon-atotn sngar of sugars possessing seven, eight, and nine 
carbon atoms in the molecule. The nine- carbon- atom sugar has even 
been found to be susceptible of undergoing fermenlatioo in contact 
with yeast. In connexion with these higher- cai'bon- atom sugars the 
question has been raised as to what might be the effect of feeding 
animals on them, and the suggestion has been made that possibly 
modified forms of glycogen, lactose, fat, and proteid might result. 



Chemical Chabactkkb akd Relatioks. 

Of the several carbohydrates known, only a certain number fall 
within the range of consideration contemplated by this work. Such 
are cellulose, starch and its congener in tlie animal kingdom glyco- 
gen, the dextrins, maltose, cane sugar, lactose, and the glucoses. 

The carbohydrates comprise a class of bodies in which carbon ia 
associated with different proportions of the elements of water, and 
from the relation existing between the latter and the former, a con- 
Tcnient basis of classification is afforded. Thns regarded, they fall 
into three groups i — 
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1. The amylosesy with the formala (CgHioOs)., which present the 

lowest degree of hydration, and stand, therefore, as the initial 
term of the series. They include cellalose, starch, glycogen, 
and dextrin ; 

2. The saccharoses, represented by the formula CwH«Oii, and in- 

cluding maltose, lactose, and cane sugar ; and 

3. The gluco8?s, which present the highest degree of hydration 

and possess the formula CeHuOe. They include dextrose, 
Isevulose, and galactose. 

1 will proceed to giv^e the main characters and relations, regarded 
from a physiological point of view, of the above-named bodies 
arranged nnder the three specified heads. 

The Amyloses. 

Cellulose, (C«Hio06)», stands amongst the members of the carbo- 
hydrate group that have the least proportion of the elements of water 
entering into their constitution. It belongs mainly, but not quite 
exclusively, to the vegetable kingdom, and, constituting as it does the 
basis material of vegetable cell walls and of woody fibre, it probably 
ranks as the most abundant organic principle in nature. It takes 
origin from the soluble carbohydrates or sugars by a process of de- 
hydration effected by the agency of the metabolic power existing in 
living protoplasm. With the chemical transformation occurring in 
the production of cellulose through the instrumentality of metabolic 
action, the exercise of something akin to. if not actually consisting of, 
plastic or formative power is brought into play in such a manner as 
to give to the newly formed material a definite structural character. 
Thus circumstanced, cellulose may be spoken of as takiug a place 
nearer to the position of organised matter than is held by any other 
member of the carbohydrate group. 

Insolubility in the ordinary solvents is one of the chief character- 
istics of cellulose, but the various forms of cellulose differ in this 
respect, some being less resistant to solvent action than others. 
Acids, unless in a concentrated form, do not dissolve it, nor is it cTis- 
Bolved by potash. A ready solvent, however, happens to be afford*, 
by an ammoniacal solution of cupric oxide, and from this menstruui. 
it is precipitable in a flocculent form by acids. 



THE AMYI.OSE CARUOHYDliATES. 



I 



Cellulose ^ivea no colour reaction vitb iodine alone, bub witli iodine 
in the preBence of eulphuric acid, or, better, zino chlotide, a blue or 
violet colour ia produced. 

The effect o£ sulphuric acid upon cellnlose may be studied by 
ex peri dibh ting with cotton wadding. Immersed in the concentrated 
aoid, cotton wadding becomes dissolved, and if the aolutiou be ac once 
largely diluted with water the cellulose is precipitated apparently in 
an unaltered or but slightly altered form. If, on the other baud, the 
cellulose ia allowed to remain for some time in contact with the acid, 
dilation with water no longer leads to the production of a precipitate. 
The oelluloae has apparently become transformed into a dextrin-like 
m.aterial, and the solution is found to possess a slight cupric oxide 
reducing power. Thus transformed, it may be carried further by a 
strength of acid that hue scarcely any effect on un trans formed cellu- 
lose. This is shown by the greatly increased cupric oxide reducing 
power that may be produced by boiling after diluting the acid solution 
to a 2 per cent, sti-ength, under the action of which cellulose is only 
to a very slight extent influenced. 

The resistance offered by cellulose to converaioa ioto a cnpric oxide 
reducing carbohydrate by boiling with 2 per cent, sulphano acid 
distinguishes it from starch and glycogen, both of which bodies, on 
boiling for an bour and a half with the strength of aaid named, are 
completely transformed into glucose. Por effecting the conversion, 
lo any notable extent, of cellulose by boiling with dilute sulphuric 
aciJ, a 10 or 15 per cent, strength muefc be employed. At higher 
temperatures, applied by means of tlie autoclave, cellulose is attacked 
by 2 per cent, acid in a manner that it is not on boiling with the 
inverted condenser, a fact that it is necessary to bear in mind, as will 
be subsequently explained (p. 63), in the quantitative determination 
of starch and glycogen where accidental contamination with cellulose 
from a filter may have occurred. 

The component molecules of the oompoait* cellulose molecule seem, 
to judge from its stability or power of resisting the influence of 
different agents, to be held together by a tighter bond of union than 
in the case of other carbohydrates. 

Doubtless there ia much yet to be learnt about the modifications of 
cellulose. Even chemically there are differences, some forms being 
susceptible of undergoing conversion into sugar by an acid of insuffi- 
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cient streogth to exert any decided amount of influence upon cotton 
cellulose, to whicli the remarks in the preceding paragraph about the 
effect of acid apply, whilst, physiologically, some of them seem, 
instead of existing in an independent state, to be more or less bound 
up with living matter, if not, indeed, in some phase of their history, 
actually incorporated with it. 

Starchy (CeHioOs)^, looked at in relation to animal alimentation, 
may be regarded as by far the most important of the bodies of the 
whole carbohydrate group. 

It is very widely and largely found in the vegetable world, and is 
the first visible product of that constructive metabolism already 
described as taking place in all green plants. It is primarily depo- 
sited in the leaf, and secondarily, at subsequent stages in its history, 
in other parts of the plant, and invariably in the form of a granule. 
The starch granule varies much in size and appearance, according to 
the particular plant in which it is formed ; but it has always a definite 
stracture, consisting of a nucleus or hilum and concentric, or rather, 
strictly speaking, excentric, layers. This is best made out after treat- 
ment with chromic acid or dilute alkali. The granule is not homo- 
geneous, but consists of two isomeric substances, starch granulose 
and starch cellulose, with, perhaps, intermediate forms. The gran- 
ulose is much the more soluble, and can be dissolved out by dilute 
acids, or by boiling, <&c. If treated in the cold, the cellulose skeleton 
remains, retaining the form of the grain, though originally con- 
stituting only from 2 to 6 per cent, of the weight of substance. The 
grain, when intact, is unacted upon by cold water, by reason of the 
density of its outer layer, but when it is crushed or ruptured the 
granulose is slowly dissolved out. Under the action of boilipg potash 
the cellulose framework becomes likewise dissolved. The solubility 
of starch in hot water is to be accounted for by the bursting of the 
swollen granules, which usually occurs at a temperature of from 50** 
to 70" C, liberating the granulose and forming the " starch paste." 

A solution of starch is a semi-transparent, viscid liquid, which, 
under examination, exhibits the following properties. In presence 
of free iodine it yields a characteristic blue colour, which disappears 
on heating, and reappears on cooling. This behaviour is absolutely 
distinctive of starch, and affords an easy, delicate, and reliable test 
for its detection. 
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Starch solation posseaaes in a marked degree the property of 
optical activity, rotating the ray of polarised light strongly to the 
right, This rotatory power is poaseeaed to a variable extent by most 
of the members of the carbohydrate groap, and on it ia based one 
method of determination applicable to these bodies. 

Aa a colloid, starch does not diffuse through animal membraneB. 
It is absolately iosolnble in alcohol and ether, and is therefore pre- 
cipitable from its aqneons solatiou by these agents. It is unaltered 
by treatment with dilate potash or soda, but boihng with dilute 
mineral acids carries it into gluooBe (dextrose) throngh intermediate 
cuprie oxide reducing products. Diastase and other araylolytic fer- 
ments exert an analogous action on stai-ch, except that the process of 
transformation, in the main, stops short at the stage of maltose, instead 
of advancing to glucose. There are, however, some ferments in both 
the animal and the plant which have the power of efiecting complete 
hydration into glucose. Starch ia also converted into dextrin by 
simply heating to between the temperatures of 100° and 200° C. 

Starch, like the other amylosea bnt unlike most of the other 
oarbohydratea, is devoid of taste. It has no cuprie oxide reducing 
power. 

Glycogen; (CsHioOs)b, may be regarded as the representative in the 
animal kingdom of the starch belonging to the plant. I consider 
that nomenclature has been unhappy in the name that has been 
applied to this body. The term was adopted on the discovery of the 
material from which the sugar developed in the liver after death 
takes origin. All the amyloses are, strictly speaking, glyco-gens ; 
and, as it happens that the physiological grounds upon which the 
name was given to the body under consideration prove to be un- 
tenable, it is BO far a misnomer. Zoantylin would be the raont 
appropriate of the hitherto suggested designations to apply to it. 
Its distribution and relations in the animal oi'gauism will be referred 
to in detail in a subsequent part of this work, and in connexion 
therewith it will here be sufficient to say that, although constitnting 
a principle especially belonging to the aninial kingdom, yet it is not 
absolutely confined to it. In a large number of fungi it has been 
fonnd to be present, and it aeems in these organisms to take the 
place of the starch of higher members of the vegetable kingdom. 
An interesting point is here presented, inasmuch as the fungi con- 
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fltitnte a group of organiBmB differing from the members of the 

v^etable kingdom geuerally and agreeiug with those of the animal 
kingdom in the manner in which their aliment is supplied. With 
the non-existence of chlorophyll corpuscles they present an absence 
of starch- forming capacity, and, as a corollary, instead of having the 
power of constrncting their living matter from principles of the 
inorganic kingdom, they are dependent, like animal organisms, for 
their aliment upon the supply of prefonned organic matter. Teaat, 
it has been discovered, contains glycogen in large quantity, nnd from 
this source it may be readily procured and ascertained to exhibit all 
its characteriHtic reactions. 

Glycogen is soluble in water, but much more so in hot water than 
cold. It yields with water an opalescent or white milky liquid 
which perhaps is not, strictly speaking, n true aolutiou. On conoen- 
ti'ation it assames a transparent state, and becomes milky again on 
dclution. 

lu its various properties and modes of behaviour, glycogen is 
almost identical with starch, the only noteworthy difference being in 
the colour prodnoed by treatment with iodine, which in the case of 
glycogen is a port-wine red, instead of blue as given by starch. The 
effects produced on the colour by heating and subsequently cooling 
the solution ai'o the same in each case. 

By means of niicrocheniical examination with the employment of 
iodine, the existence of glycogen in a granular state or in the form of 
amorphous massea within the liver colls can be demonstrated. 

Animal gum (Landwehr), which is to a certain extent allied to 
glycogen, will receive notice nnder the consideration of glucosides. 

Dextrin, (CjH,„Os)j., is produced by the action of mineral acids and 
by diastatic or amylolytic ferments upon the amyloaes which have 
been already described. The transformations effected by the diastatic 
fei'ment of malt on starch have been the subject of much careful in- 
vestigation and of a considerable amount of confroversy, and even now 
it cannot perhaps he definitely said that a full knowledge of the steps 
of the process has been attained. 

The researches of modern investigators point to the occurrence of 
changes of a highly complex character, and the view at the present 
time entertained is that from the composite starch molecule molecnlca 
become successively split off, and with the splitting off undergo 
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LjdratioD ialo maltOBe, leaving at each stage & diininislkeil dextrin 
molecale of unaltered percenlnge compoaition. Thus each successive 
stage in the process jielde eimnltaueouBly a substance of higher 
hydration and a dentrin residue, wliich does not diQ'et' io percentage 
composition irom the original starch molecule. The hydratt^d portion 
split off at each stop is, according to Bi'own and Moi'Ha, eithtit* 
maltose (C|,HuOn) or an iutormediate product [either raaltodextrin 
CC„H^O,o),C.,HbO„ or amylodextriu CC,,Hi„0,„),C„H„0„], whii;h 
speedily undergoes further hjUiatiou into nidltoae, 

The successive anhjdi'ated residues have all been termed dextrina. 
Whilst retaining the same pcrcciitage composition, they present a 
steadily diminishing molecular weight; thoy are all, that is to say, 
represented by the formula (CtHi„0,)u, » being diminished at oath 
succesaiye stage of splitting off. 

By the continued action of the ferment the main portion of the 
starch ondergoes convevsion through intermediate stages of dextrin 
into maltose. There i-emains, however, a portion wbioh offers grenler 
resistance than the rest to the change, and which is with dilUcuIty 
made to undergo hydration. This is the dextrin which is most 
easily isolated and obtained for examination, and to wliioh the de- 
scriptions given of dextrin moro especially apply. According to the 
latest researches of Bi-own and Morris, it constitutes a fifth of tlio 
original moleculo of soluble starch, the view founded upon these 
researches being that the first eilect of the diastatic ferment is to 
lead to the constitneuts of the molecule becoming ranged into Hve 
separated gronps, one of which is so constituted as to bo more stable 
than tho others, by virtue of which it remains intact after the others 
have undergone hydrolysis. 

Tho dextrins which are first formed in the process of hydrolysis 
are coloured red by iodine, and are on this account distinguished as 
erythTodextrins ; whilst those produced from them and met with later 
yield no colour witli iodine, and are called achrovdextrins. 

Dexti'in is pi'oduced, not only by the action of ferments and acids 
upon starch or glycogen, but also by the mere beating of these bodies 
when the temperatore approaches 200° 0. 

Dextrin is nnci-jstalli sable, and when dried is a glasBy coloni-less 
body susceptible of being ground down to a white powder. It is 
easily soluble in water, forming a clear solution possessing no decided 
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taste. It la precipitated by etrong alcohol. Like Btarch and glycogen, 
it ia dextrorotatory, whence its name. Authoritiea have been some- 
what at variance as to ivlietlier any of the deitrina are poeaessed of 
cupric oiide reducing power. They are, however, generally considered 
to have no reducing power. 

The Saccharoses, 

The principles falling under thia head requiring notice are maltose 
lactoae, and cane angar. 

Maltose (CijHtiOii), arising from the hydration of starch by the 
incorporation of water, thus, 2C,HiuO,-|-H,0 = CuHjjOi,, is a body 
soluble in water, alcohol, and ether, and readily diffusible. It cryatal- 
lises in the form of hard, white, fine needles. Like the amylosee, it 
is optically active and deiti-orotatory, thongh in a lower degree; 
but, nnliko them, it baa a distinct taste, which ia faintly sweet. It 
is, moreover, unaffected by iodine, as indeed are all the carbohydrates 
of higher hydration tfaan the amyloses, and it has a capric oxide reduc- 
ing power equivalent to 61 as compared with that of glucose taken 
at 100. 

Although maltose constitutes the end product of the action of 
diastase, and amylolytic ferments generally, on starch and its con- 
geners, it is susceptible of being carried on into glucose (dextrose) 
by boiling with dilute mineral acids, as also by the agency of certain 
ferments. The following expression represents the change : — 

C|,H„0,i + H,0 = C,H„Oe + C,H,=Oo. 

Maltose. Duxtrone. Ueitrose. 

Saccharose or Cane Sugar. — Identical in composition with maltose, 
though withoat any genetic relation to the amylose bodies, ia sac- 
charose, sucrose, or cane sugar (CnHuOn). This sugar is found in 
parts of many plants. It ia a substance very soluble in water, and is 
also, though less easily, dissolved by alcohol. It crystallises in large 
mouoclinic prisms, and as a crystalloid ia readily diffusible. It does 
not reduce cupric oside. 

A solution of cane sugar is, like all the bodies hitherto described, 
dextrorotatory. By prolonged boiling, however, with water, or by 
boiling for a short time with dilute acid, or by the action of yeast and 
of certain unorganised fermenta at ordinary temperatorea, it under- 
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goes a, change with 
which is the reveraal of 



of hydration, the first indication of 
ict on polarised light. It now rotateB 
the ray to the left instead of to the right, and from this fact has 
received the name of invert sagar. This invert sugar on examination 
pi-OTes to be a mistarc of the two glucoses dextrose and Isevulose in 
equal proportiona. The greater optical activity of IsbvuIobb accountH 
for the Imvorolatory power possessed by invei't sugar. The inversion 
of cane sugar presents another instance of transition from the sac- 
charose to the glucose group, aud evidently coosists in a simultaneouB 
hydration and decomposition of the molecule, according to the 
equation 

Ci,H„0„+H.O = 

Cane augor. 



Inrert sugar. 

Iioctoie or miUt tugar (CiiE»Oii) is only known to oocnr in the 
animal kingdom. It coustitates the saccharine principle belonging 
to milk. It has a faintly sweet taste. It is soluble in water, bnt 
much less so than cane sugar. It is insoluble in alcohol and ether. 
Milk sugar crystallises in whitu, rhombic prisms. Its solution is 
dextrorotatory, and exhibits the phenomenon of birotation : that is to 
say, the freshly mado solution causes a rotation twice as great ae 
that which it will produce after standing. 

Lactose poBBesaes cnpric oxide reducing power, bat discordancy 
exists in the precise figures given for it. Many authorities espress 
the power at 74, as compared with that of glucose taken at 100. 
Figures, on the other hand, as low as 52 have been assigued to it. 
Unlike glucose, lactose does not effect a reidy reduction of the 
copper test solution, and thus the terminal point is modified according 
to the precise manner in which the eiamination may happen to be 
conducted. I have made a large number of obaervationa with the 
employment of the aramoniatod cnpric liquid. Aa in the case of 
Fehling's solution, the terminal point of reduction is less sharply 
defined than when other sugars are employed, but the resalt of my 
observations is to place the capric oxide reducing power of lactose 
at 60, or a little over. 

It seems, judging from what I have observed, that under boiling 
with acetic and citric acids lactose undergoes a certain amount ot 
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modification without being converted into glucose. Boiling for from 
half an hour to an hoar with citric acid of from 2 to 5 per cent, 
strength has the efPect, according to the results before me, of raising 
the cupric oxide reducing power to about 74, beyond which it cannot 
bo carried by further boiling. After boiling with a similar strength 
of acetic acid, a reducing equivalent of about 64 or 65 has been 
found to be given. 

Harmonising with these differences revealed through cupric oxide 
reducing action, differences are noticeable in the osazones produced 
with phenyl-hydrazine. Lactose in its unaltered form yields, I find, 
contrary to what is generally stated, a deposit of an amorphous, or 
non -crystalline, character, presenting the appearance of minute spores 
or beads. Such is what is noticed when, for example, the crystallised 
lactose of commerce is taken and treated with phenyl-hydrazine 
hydrochloride and acetate of soda, or phenyl-hydrazine with acetic 
acid in the amount ordinarily recommended for employment. If, 
however, the lactose has been previously boiled with, say, 5 per cent, 
acetic acid, or even if the acetic acid used in the application of the 
tost is added in considerable excess, a crystalline osazone is pro- 
duced, presenting the appearance of irregularly curved, whip-like 
filaments, radiating from a central nucleus. After boiling with 
5 per cent, citric acid, and, whether acetic acid is subsequently added 
in conjunction with the phenyl-hydrazine or not, a crystalline osazone 
is given, in which the wavy filaments from the nuclear masses are 
replaced by straight spines, or flat blade- or lancet-like projec- 
tions. After boiling with sulphuric acid, the long straight needles 
and radiate clusters of dexirosazone and galactosazone are pre- 
sented. 

In experimenting upon lactose derived direct from milk, similar 
results are obtained, but it is necessary to guard against being mis- 
led by the process adopted for separating the casein and fat pre- 
paratory to the application of the test. If the separation be made 
by rennet, rendered neutral to test-paper, the amorphous deposit is 
given with phenyl-hydrazine hydrochloride and acetate of soda, or 
with phenyl-hydrazine and acetic acid, unless the latter is used in 
excess. If, on the other hand, the separation be made by acidification 
with acetic acid and the application of heat, the crystalline osazone 
described above as yielded by lactose modified by acetic acid is given. 
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These resnlte are instracliTe, by bringing into view conBtituliuiittl 
modificatioDB that were not previously known to eilet, &nd ea^raUvo 
that mach of a like nature remains to be discovered with raapoat to 
other bodies. 

Boiling witb dilate salphnrio acid converts laotoso into n misturu 
of the two glacosefi dextroHe and galactose iu equal [tarts, thus ; — 



C„H„Oi,+H,0 = 



C,H„0, + C.H„0,. 
Deiltote. Qalucloia. 



The glucMe thns formed pves with phenyl. hydrazine as iilrrmly 
mentioned, the cbaracteriatic dextrosaaone noodlos, intermixed with 

radiate clusters oE acicular cryatals — galactoaaKouo. 

Milk engar readily undcrgooa the lactic aoid forniontation, and 
variona micro -org an iams have been mentiyucd ae pmduuLive of tho 
change. 

The Glitauei. 

The only members of this group which need be hero i-eferrod Ui 
are dextrose, leevulose, and galactose. All have tbe composition 

Dextroge, known as grupe eugar, is to the animal physiologint th« 
most Important of the glucoses. It occurs widely in the vugftablit 
kingdom, usually in company with Itevulose. The two are fuund in 
most sweet fruits, and also in honey. Dextrose ie tlie form of sogar 
that occurs in the urine of diabetic subjects. It is best obtained on a 
large scale by the action of dilute sulphuric acid on tttnrcb ; and, by 
similar means, it is also obtainable from the carbubydi'atos gcuurally 
of lower hydration than itself. From glucoaides it in liketviau 
derivable by the action of acids, and in some casea by tbat of for- 
jnents. 

Dextrose dissolves in its own weight of cold water, and in uoluWe 
also, though far less readily, in alcohol. It is less sweet to the tatitc 
than cane-sugar, and Is highly diffnsible. It cryMtallises in micro* 
Boopic, rhombic plates, aggregated into nodular, warty masses. It has 
the maximum extent of cupric oxide redncing power posKesued by the 
carbohydrates. Dextrose, subjected to the influence of dilute auidti 
and the tmoi^nised fennent«, nndergoeti no furtlier bydralt^xi 
ebauge. It readily nudergoes the alcoholic rermcutaliuu iu u/ii(4u:t 
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with the gi'uwiug cells of yeast. Dextrose, as its name implies, is 
dextrorotatory. It exhibits the phenomenon of birotation. 

LfBvalose is a constitaeut, along with dextrose, of most sweet frnita, 
and also of honey. As previously stated, it is a product of the 
inversion of cane aiigar. Its optical aetivity is grentev in amount 
than, and opposite in kind to, that o[ dextrose; that is to say, it 
rotates the ray of polarised light further to the left than dextrose 
does to the right. Heaoe the lievoi-otation exerted by invert sugar. 

Licivnlose is more soluble than dextrose, both in water and in 
aloohol. It is also sweeter to the taste, being in fact as sweet 
as cane sugar. Its power of redueing cuprie oxide is the same 
as that of dextrose. In its chemical I'elations, levuloae closely 
resembles dextrose, but it is more susceptible of being altered by 
^^L beat and acids, and less susceptible to the action of alkalis and 

^^M ferments. In connexion with the remark that Itevulose is more 

^^M readily acted upon by acids than dextrose, 1 may mention that in the 

^H analytical determination of the nature of a sugar through the cuprio 

^H oxide reducing power presented before and after boiling with aulph- 

^^B uric acid, it is found that where Itevulose is dealt with a certain 

^H amount of loss is apt to ensue from the action of the acid, and thus 

^H give rise to lower figures being obtained after the boiling than hefoi'e. 

^H Leevnloae crystallises from its alcoholic solution in the form of fine 

^H silky needles. 

^H Both dextrose and Imvulose, on exposure to a temperature of 

^H 170"° C, lose water and become converted into bodies of the composi- 

^^1 tion CsHjoOb, called respectively glucosan and levulosau, both of 

^H which are susceptible of i-econveraion by the agency of minei-al acids 

^^K into their original state. 

^H Oalaclose is obtained, together with dextrose, by boiling milk sugar 

^H with dilute mineral acids. It is dexliorolatory, and exhibits birota- 

^B tion. It possesses cnpric oxide reducing power. It is much less 

^H soluble in water and is more readily crystallisable than dextrose oi' 

^1 Itevulose, and differs chemically from these bodies in yielding mucic 

^1 acid, and not saccharic acid, when oxidised. Otherwise it very much 

^1 resembles them in its properties. 
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OsAZOXES. 

Daring the past decade the researches of Erail Fischer, founded 
npoti the discovery that combinations of cupric oxida redncitig sngiirs 
with phenyl-hydrazine exist, have thrown much light on the conatita- 
tion of the sngars, and have afforded a valuable means of separating 
and identifying them. It ia conceded that the sugars constitnte 
bodies belonging to the aldehydic and ketonic groups, and, as with all 
aldehydes and ketones, the cupric oxide reducing sugars form com- 
pounds with phenyl-hydrazine — compounds which possess definite 
crystalline characters. The product is formed in two stages. In the 
first place, one molecule of the sugar becomes united with one 
molecule of phenyl-hydrazine, giving rise to a hydrancnie, a body, 
generally of a soluble nature, which in presence of an excess of 
phenyl-hydrazine leads on to the formation of a second componnd. 
The hydrazone first formed undergoes oxidation to a certain extent, 
and combines with a second molecule of the phenyl- hydrazine, pro- 
ducing an osazone, a body of slight solubility, and usually of a 
crystalline nature. The osazones derived from the different sugars 
present characteristic differences as regards crystalline form, melting 
point, solubility, and optical properties. By appropriate treatment 
the sugar may be recovered from the oaazone, and, moreover, it has 
been found possible, through the intervention of the osazone, to 
convert one sugar into another, as, for instance, dextrose into 
ItBvulose. 

Of the various osazones, glucosazone stands ont as the one that 
reveals itself most readily and most conspicuously. It, indeed, often 
separates out shortly after starting exposure on the water-bath, and 
may subsequently appear in such abundance as to give to the product 
under examination a solid consistence. With many sugars, the 
heating on the water-bath requires to be pi'olonged for fram one to 
two or three hours, and even then the osazone may not separate out 
till after cooling or, it may be, till after standing for some hours. 
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la tbe carbohydrate a we have ft group of bodies presenting, as we 
have aeen, varying degreoa of hydration, and it ia further noticeable 
with regard to them that they c»n be carried from one degree of 
hydration to another in both directions. By certain means, which, 
whilst operating within the living organiam, can at the same time be 
thrown iiit<y play at our command outaide tbe orgaDiam, tranamnto- 
tion by increased hydration can be efFected. Passage in the direction 
of diminiahed hydration is very iargely taking place around us, but, 
with the trivial exceptions to be eubaoquently mentioned, it is only, 
BO far as appears from observation, tlirongh the agency of the con- 
ditions eKiating in connexion with actually living protoplasmic 
matter that it is Busceptible of being brought about. I will give 
consideration separately to the two kinds of transmutation. 



Tranamulation of CarboJiydralea bij Increased Hydration. 

The carbohydrates ot lower hydration are easily moved into a state 
of higher hydration by the action of acids and ferments, and by both 
these agencies we have the power of effecting at wi!l the transmuta- 
tion. In this way, for instance, the amjloses may be made to pass 
into the group of saccharoses, as in the conversion of starcb into 
maltose; and the saccharoses iuto the glucoses, as in the conversion 
of maltose into dextrose, and saccharose into invert sugar. 

Tbe effect of acids in the transformation of carbohydi-ate matter ia 
BO well known that the sabject does not need consideration here. 

Ferment action mnst not be confused with fermentation. Under 
the head of fermentation are included transformations soch as that 
of sugar Into alcohol and carbon dioiide, effected by the growth of 
the ToTuia cBTevisice or yeast plant ; that of milk sugar into lactic acid, 
by the various micro -organisms to which the action has been 
aBsigned ; that of alcohol into acetic acid, by the Mycoderma acettj 
those of putrefaction by bacteria; and perhaps transformations to 
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the producta of wbich the evil eCEects produced upon the invaded 
organism by palhogenic bacilli may be in part attributable. 

In these transformations we have to deal with a molecular disrup- 
tion of organic matter lying outside the living cell organism, but 
-within ita sphere of iofluence — a disruption induced aa a collateral 
effect of the changes of gi'owth taking place within the organiani. 

Ferment action, on the other hand, is brought about by the agency 
of unorganised, though organic, material. It consists essentially in a 
proceaa of hydrolysis — a splitting-up of a composite molecule into 
segregated parts accompanied with a fixation of the elements of 
water. Aa examples may be mentioned, the conversion of starch and 
other amyloses into maltose by diastase, ptyalin, and the anaylolytic 
ferment of the pancreas ; the conversion of cane sugar into invert 
sugar by invertin ; and the conversion of alhuniin and such-like 
proteids into peptone by pepsin and trypsin. 

Throngh zymolysia, or ferment action, even bodies of a very stable 
nature, looked at fi'om a general point of view, are snsceptible o£ 
being broken down and dissolved. Cellulose, for example, which ia 
resistant to the sol vent influence of ordinary chemical agents, may be 
brought with facility by ferment action into a state of solution. 

A striking characteristic of the ferment, or enzyme, which effects 
the transformation is ita power of inducing an indefinite, indeed 
almost an nnlimited, amount of change, without itself undergoing 
any appreciable alteration or loss. Further, an almost infinitesimal 
amonnt of the ferment is sufficient to produce a very extensive 
effect. In fact, the amount may be so small that the presence of the 
ferment is only snsceptible of recognition throngh the ferment action 
to which it gives rise. 

In constitution the enzymes appear to be of tlie nature of proteids, 
but it cannot be considered as absolutely eatablisbed that they are 
BO. They are soluble in water, insoluble in absolote alcohol, and non- 
diffusible. They need not exist at their source of prodnctioa ia a 
free form, but may become developed from an antecedent zymogen 
at the moment the suitable conditions happen to be supplied. 

Transmutation of Carbohydrates by Decreased Hydration. 

Transmutation a in the direction of diminished hydration are not 

under our control to bring about in the same way aa those attended 



TUASSUUTATIOK OF CAKBOIIYDBATES. 



with increased hydration, and, as a broad proposition, it may bo 

Btated that it is only throngh the intervention of the power belong- 
ing to living matter that they occur. 

A few instaiicee, it ia true, can be adduced in which, by artificial 1 
means, transformations from the higher to the lower forma of hydw 
tion can bo effected. Thus dextroae {C»H„0,), when heated to I 
170° C., loses a molecule of water, and is converted into gluoosau 
{C,HiiiOa),a body having the percentage composition of the amylosea. | 
Leevulose (CgHuOi) also, similarly treated, is converted into Itevalosan 
(CHioO,) i and cane sugar (C„H„0„), heated a little beyond its 
melting point (160° C), becomes transformed into a mixture of 
levnloBan and dextrose, thus 



Cane migitr. 



= C,H„0,+C,H„0,. 

LicniluBBD. Duxtrose. 



Both glucosan and loavulosan are reconvortible into glucose by 
boiling with dilute mineral acids. As anotlier instance, may be 
mentioned the transformation into dextrin which dextrose is said to 
undergo (MuxcuIub) when it is dissolved in strong sulpbnric acid 
and subsequently poured into 95 per cent, alcohol. 

Some years ago I thought I bad obtained evidence of the carrying 
down of carbohydrates by fei'ment agency outside the body, but from ' 
knowledge since aoquired I have discovered that a source of fallacy, 
which I was not alive to, existed. Indeed, general observation is to 
the effect that it would be contrary to the usual order of eventa for ' 
ferment action to produce dehydration, its charucteristio effect being ' 
to produce change in the opposite direction. 

There can be no doubt that transmutation by dehydration is rerf 
largely taking place in connexion with the operations of life, and ' 
examples of its occurrence are readily forthcoming. 

One of the moat striking and conclusive, on account of the simple 
nature of the conditions existing, is that which is afForded by what 
takes place as a result of the growth of yeast. From tbe researches 
of Pasteur it is knonrn that a few yeast cells placed in a medium con- 
sisting of water, tartrate of ammonia, cane sugar, and mineral matter 
derived from the ash of yeast, grow and multiply, and in doing so 
supply evidence, not only of the production of proteid matter from the 
simple materials named, bat also of tbe dehydration of carbohydrate 
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matter. The carbohydrate in the pabalam is in the form of Baccharose, 
and from this we obtain the prodocts of fermentation, prodncts issu- 
ing from a change taking place ottiside the yeafit organism, and also 
cellulose and glycogen (vide p. 10, regarding the existence of glycogen 
in jeant), rept'esentations of transformed carbohydrate matter existing 
within the oi'ganism. As a concurrent event associated with fer- 
mentation, in the case of saccharose, and, in fact, as a preparatoiy 
step to it, the saccharose is raised in hydration to glucose by a fer- 
ment — invortin — belonging to the yoast, before the splitting up 
process occurs. Whether in the appropriation also of saccharose 
within the yeast organism it 18 previously carried into glucose or not, 
in either case the production of cellulose and glycogen constitutes an 
act of dehydration, effected by the protoplasmic matter of the cell. 

Instances of dehydration are afforded in the higher vegetable 
organisms by the prodnciion,from the sugar of the sap, of starch, and 
more rarely of inoliu and cellnlose, for storage as reserve materials, 
and also of cellulose for deposition as a textural material in the pro- 
cess of growth. 

Tlie production of Baocharaae from glucose in the ripening of the 
sngar-cane furnishes another illuBtration of dehydration. I am in- 
debted for direct information upon this point to one of my former 
assistants, Mr, Scard, who is now at the head of the chemical depart- 
ment of the Demerara sugar estates of the Colonial Company, and 
whose duties include the study of the conditions influencing the pro- 
duction of sugar in the cultivatiou of the cane. It appears that 
during the period of active growth of the cane the proportion of 
glucose existing in the juice is far greater than wiien the cane 
roaches maturity. As the cane ripens, a gradual diminution of 
glucose and increase of cane sugar— the oneatanding in proportion U> 
the other— are obaerved to take place. Daring the active period of 
"arrowing," or flowering, the proportionate amount of glucose is 
large. On the disappearance of the " arrow," the cane sugar in- 
creases at the expense of the glucose, and at the end of about a 
fortnight the glucose is at its minimum, and the cane sugar at its 
maximum. Subsequently, with the renewed growth of the cane, 
attended with the throwing out of new shoots, the glucose ngain in- 
Ab a further point, it is to he stated that in the uppei or 
; piirtioo of the cane glucose and cane sugar co-exist in nearly 
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equal proportions, whilst in the lower segments, or more matured 
part, cane sugar is present in larger amount than elsewhere, and is 
accompanied with only traces of glucose. 

An apposite illustration of the occurrence of dehydration in the 
animal kingdom is afforded by the production of glycogen in the 
liver from sugar derived from the carbohydrates of the food and 
conveyed to it in the portal blood. The matter in question will form 
the subject of consideration in subsequent pages of this work. 

Transmtttation of Carbohydrates by Ferment and Protoplasmic Actions^ 
considered in relation to the Operations of Life. 

The effects produced by ferment action, on the one hand, and by 
metabolic protoplasmic action, on the other, are of an opposite 
nature. In the one case, more or less highly complex molecules of 
matter become split up into simpler ones with the occurrence of 
hydration. In the other, constructive and dehydrating operations are 
carried out. Matter existing in, or which has been brought into, a 
more or less simple molecular state is influenced in such a manner 
that combination ensues, and the more complex molecules belonging 
to the living organism are thus built up. Both operations proceed 
upon identically the same lines in the two kingdoms- — animal and 
vegetable, of nature. 

Ferment action, as has been stated, breaks down complex molecules 
into simpler ones, and hydrates. Non-soluble and non-diffusible 
matter — that is, matfcer the molecules of which are presumably too 
large to pass through membranous septa — ^by such agency broken 
down, becomes soluble and diffusible. With the change effected, it 
is placed in a position to be susceptible of absorption, and thereafter 
of transportation from one part of the living organism to another, 
whereby it is brought within the sphere of influence of profcoplasmic 
matter for appropriation or utilisation in the living economy. 

It is by the araylolytic, or diastatic, ferments that carbohydrate 
matter is acted upon. Proteid matter yields, in a similar way, to 
the proteolytic, or peptonising, ferments. The effects wrought upon 
the two kinds of matter by the respective ferments are of the same 
nature, and the two kinds of ferment action occur in common in 
animal and vegetable organisms. The transformation of carbo- 
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hydrate matter, as an event pertaining to life, is easy of observation 
alike in the plant and tbe animal. The trans formaticn of proteid 
matter is also an event pertaining to life that haa long been known 
to he easily snsceptible of observation in association with organisms 
of the animal kingdom. Latterly, proteolytic ferment action has been 
recognised as occnrring in the vegetable kingdom to an estent that 
was not formerly suspected. It is not improbable that proteolytic 
ferment action is a phenomenon of nnivorsal occurrence in the plant, 
and instances certainly can be brought forward in which the exist- 
eacB of an active peptonising ferment is susceptible oE ready de- 
monstration. The most notable example is fonnd in the Carica 
papaya ; and, in reference to this, the remark admits of being made 
that from papaw jnice so large an amount of active peptonising 
ferment, called papain, can be extracted that a place has been given 
to the plant amongst the materia mediea. As regards the eiistence o( 
peptonising ferments in the vegetable kingdom, Sachs* gays : "At.- 
tention was first drawn to the occurrence of peptonising ferments in 
the vegetable kingdom by the remarkable phonoraeau observed in the 
so-called iusectivorons plants. My earlier studies on the germina- 
tion of various seeds left no donbt that seedlings dissolve and make 
active their proteinaeeons reserve materials by means of peptonising 
ferments. Gomp-Beaanez was, however, the first to detect peptonisr 
ing ferments in seeds .... More recently, a very energetic 
peptonising ferment in the latex of Carica papaya has attracted par? 
ticular attention, and a similar ferment has beeq detected in the 
latex of the common fig (Fkus carina). As we come to knqw the 
proteinaceous reserve macerials of plants better, and if we follow 
their behavioor in the animal body also, it can scarcely be doubtful 
that, in spite of incomplete knowledge, the assumption is, never- 
theless, warranted that peptonising ferments are peihaps universally 
distributed in plants ; moreover, peptones, the resultof their activity, 
have actually been detected by Schnlze in the seedlings of the 
Lupine." 

I have entered into these considerations bearing on proteide on 
account of their undergoing, under the influence of ferment action, 
the same kind of change as carbohydrate matter ; and, further, on 

• 'Lectures on the Plijeiology of Plants,' bj Juliua von 9acha, tronslnted by 
H, Mflrshall Ward : Clarendon PcesF. Oiford, 18S7, pp. 3*1—345. 
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accoanfc of the interest attaching to the analogy to be traced in 
the phenomena occurring in the plant and animal. 

Looked at in relation to what has pi'eceded, the province of ferment 
action is to prepare ior the exercise of protoplasmic action. But 
ferment action probably, also, plays a part in connexion with the 
mnltifariona retrogressive changes occuning within the system, from 
soma of which carbohydrate matter may take origin as a product. 
The Bubjeet, however, ia not as yet one that can be considei-ed ripe 
for profitable discn.saion, 

Whilst ferments split up and hydrate, the proceaaes of synthesis 
and dehj'dration are tlia result of the action of living protoplasmic 
matter. It is a propei'ty of living matter to possess the power oE 
converting suitable principles, brought within its sphere of inSaence, 
into the likeness of itself. The power is exerted in two directions : 
in giving form, and in producing chemical change. To these two 
raanifeHtations of power the terms " plastic " and " metabolic " were, 
many years ago, applied by Schwann. Through the agency of the 
"plastic" power possessed by living protoplasm, matter in a pre- 
viously liquid or amorphous condition acquires determinate or definite 
form, anil, similarly, through the " metahoHc " power, nndei^es 
changes of a chemical nature. This metabolic power it is that ia at 
the foundation of the chemistry of living nature — a chemistry which 
is characterised by itfl capacity of leading, amon^j^st other results, to 
the construction of products of more or leas complex molecular con- 
stitution, a certain number only of which have as yet proved sus- 
ceptible of being formed by the operation of forces brought to bear, 
in laboratory undertakings, outside the body. Although it thus 
happens that products are formed by the agency of living matter 
which the chemist as yet haa not been able to form through the opera- 
tion of chemical forces in the laboratory, it ia not to be contended 
that a different kind of chemical force exists in living from that 
existing in non-living mutter, but merely that in its operation in con- 
nexion with living matter, it is brought into play in association with 
eircamstances of a different nature. 

I have spoken of the effects prodnced by terraent action and proto- 
plasmic action. I will now give illuBtrations showing how these 
tkctions take their turn in the play of changes belonging to life. The 
illnstrutions will be drawn frum the vegelable kingdom, where tlie 
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operations of life can be more eanily followed than in anim&l organ- 
isma. They will assist in anrarelling the more complicated opera- 
tioDS of animal life that will come before us for consideration later ou 
in this work. 

The primordial, or iirat-formed, starch, developed in the chlorophyll 
corpuscle, is a prodact of protoplasmic action. Bj ferment action it 
is (ranstorraed into sugar, which passes in the sap to aeata where the 
operations of growth and storage are going on. Here protoplaamio 
action again comes into play, and through its agency the sugar is 
reduced in hydration and converted into cellaloee or starch, or, it may 
be, some other allied principle. 

Take again the starch which has been deposited in a grain of 
wheat or other seed, by protoplasmic action, as storage mateiial for 
service in connexion with the evolation of the embryonic organism. 
Whilst the formation of the seed is taking place, life exists in ita 
growing structure, and it is through the property of, or the power 
possessed by, the living matter that the sugar reaching it from the 
juice of the plant is transmuted into, and deposited as, starch. 
When the developmental process concerned in the pi-oducfion of the 
seed is completed, life, except in the small part constituting the 
embryo, ceases to exist, and transmutation ia the direction of that 
effected by protoplasmic action can no longer occur. The storage 
matter possesses within itself no power of resuming or re-acquiring 
the living state which existed in connexion with it at the time of its 
deposition. But in close proximity to it there lies a minute collec- 
tion of matter imbued with the power of starting into living activity 
when the reqcisite conditions are supplied. This, the embryo, ia the 
part from which the act of germination proceeds, and from it there ia 
developed the ferment which leads to the conversion of the stored 
starch info sugar. Sachs* eaya : " The ferments appear to be always 
produced by the growing parta of the seedlings and buds themselves, 
nnd to penetrate from these into the reservoirs of reserve materials, 
there to dissolve or make active the constructive materials. This is 
particolarly evident in the case of seeds containing endosperm. IE 
the young seedling (embryo) ia removed from the seed of the Indian 
corn (maize), barley, or other plant, and the endosperm alone laid in 
moist warm earth, its starch is not dissolved and transformed into 
• Lac. cif., pp. 343—344. 
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Biigar." Alongside these words of the scientist of the pi^esent day, I 
cannot refrain from placing the words of the poet, written nearly a 
couple of centuries ago, which not only show the knowledge that at 
such time had been acquired by observant attention, but, in an 
eloquent manner, give expression to it. In the subjoined passage* 
the words to which attention is directed are inserted in italics. 

" Tell me why the Ant 
Midst Summer's plenty thinks of Winter's want : 
By constant journeys careful to prepare 
Her stores ; and bringing home the corny ectr^ 
By what instruction does she bite the grain ^ 
Lest hid in Earthy and taking root again. 
It might elude the foresight of her care ? " 

The sugar which has been produced by ferment action from the 
stored starch, being conveyed to, and falling within the sphere of 
influence of, the living protoplasm of the embryo, becomes appropri- 
ated and metamorphosed into the cellulose developed and deposited 
as a constituent of the growing organism. 

As a further illustration, I may cite what occurs in the case of the 
tuber, and take as an example the potato. Starch, in the first 
instance, is formed and deposited by protoplasmic action from sugar 
derived from the juice of the plant. With the completion of deposi- 
tion, the protoplasmic activity which has been previously in operation 
ceases to manifest itself. En certain parts of the tuber, however, 
there are little buds — "eyes," as they are called — which, as with the 
embryo of the seed, under exposure to conditions favourable to 
growth, burst forth into active life and produce a ferment that acts 
upon the surrounding starch, reconverting it into sugar. The sugar 
thus formed is next, by the protoplasmic action of the living matter 
of the bud, reduced in hydration and transmuted into the cellulose 
entering into the structure of the growing shoot. 

* ^ Poems on Several Occasions, by Matthew Prior, Esq.' : London, printed for 
T. Johnson, 1720. 




The glucoaides have long been known to cliemistB aa a clasH of 
boJies whicl], bj the agency of ferments and by the action of acids 
and alkalis, and even, to a alight extent, of water at elevated tempera- 
tures, nndergo a cleavage or disraption, with sugar as one of the 
prodacts. Formnlte are given in text-books of cheniiBtry represent- 
ing the molecular change that occurs, and they show that the 
phenomenon is nsnally attended with the incorporation of one or 
more molecules of water. 

The group coinpriaea bodies of very variable composition. In some 
(3alicinmaybonientioneda3aneiample)only the three elements carbon, 
hydrogen, and oxygen are present. In others — as an inatance, amyg- 
dalin — nitrogen in addition exists. In myronic acid (Ci(|Hii3^SiO,o}, 
a glucoside obtained from the seed of black mustard, there is the 
further incorporation of sulphur. Another step in the direction of 
increasing complexity carries us to a body standing in close proximity 
to the proteids, viz., mucin, which, as a constituent of connective 
tissue as well as of mucus, exists extensively diffused throughout the 
animal system. The researches of Landwohr have shown that, under 
certain treatment, mucin yields a non-reducing carbohydrate, which 
he has described under the name of " animal gum," possessing the 
formula (C,HioOs)h, and that this is convertible into a cupric oxide 
reducing, but non- fermentable, sugar, having the composition of 
glucose (CiliijOj), which he calls " gummose." 

The announcement of the glncoside constitution of mucin was at 
first received with some mistrust, but the view has now sufficiently 
gained credence to meet with recognition in standard works on 
physiological chemietiy. 

My ovrn investigations carry ns yet a step further, and bring the 
extensive group of proteids of both the animal and vegetable kingdoms 
of nature into the class of gtucoside.'j. I will proceed to show how I 
was led up to this discovery, and upon what grounds the statement I 
have made is based. I will afterwards discuss the glacoside consti. 



tation of proteid matter, looked at in relation to the chemistry of life. 
Id the discassion the Dtiliaation of carbobj dratee in the oaustrnctioa 
of proteid matter, and also the knowledge thut has been actjnired 
regarding the nutritiTe chemical changea that occur in coonewon 
■with vegetable life, will receive conaideration. From this compre- 
hensive survey a view will be seen to be opened out, giving to 
glucosides a position of tbe deepest physiological interest and import- 
ance, by hringiug them significantly into participation, aa inter- 
mediary agents, in the play of changes appertaining to tbe chemistry 
of life. 

The announcement of the discovery of tbe glucoside constitntion 
of proteid matter was made in a communication read at tbe Royal 
Society, Jnne 8th, 1893, of wbioh the subjoined is a transcript. 

" The GlCCOSIDE COUSTITDTlOlf OF PnOTElD M*1TEB."' 

" At quite an early period of my research work I adopted a prooeaB 
for separating the glycogen of the liver, which consisted in boiling 
with potash, pouring into alcohol, and collecting tbe precipit-ate. For 
tbe purpose of estimation, tbe precipitated glycogen was converted 
by means of dilute sulphuric acid into glucose, the determination of 
which gare the information required. This process I afterwards 
applied to blood and tbe varions organs and tissues of tbe body, with 
the result that, in all cases, a more or less notable amount of cuprio 
oitide reducing product was obtained. This I looked upon as taking 
origin, as in the case of the liver, from glycogen. I gave particulars 
of tbe amounts derived from various sources in a communication 
presented to tbe Royal Society in 1881 (' Proceedings,' vol. 32, 
p. 41b). 

" In operating upon small quantities of blood, io., for quantitative 
analysis, no difficulty was experienced in obtaining what I took to be 
glycogen, from, it-a being convertible, like tbe glycogen in tbe case of 
the liver, into a cupric oiido reducing product, by the agency of 
sulphuric acid; and from my analyses I obtained very accordant 
resnlts. It stood otherwise, however, when large quantities were 
operated upon with the view of collecting tbe product for tbe purpose 
of studying its characters. In these attempts, which were undertaken 

• lu Hbstrnol, ' ProcreilirgB of (lie Bp.vnl Puiiflv,' lol. Bt. p. SS. 
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lit different timea upon blood, egga, and the spleen, I invariably failed 
lo obtain anything like the amount that onght to have been yielded 
according to the indications afforded by the qnantitative analysis 
conducted It was obyions to me that there was something connected 
with the extraction witii which I waa not aor[nainted. Perplexed at 
the loaa that was encountered, I resolred to push inquiry, and see if 
the discrepincy conld not be cleared np. From, wbat I will pi^ceed to 
adduce, it will now be seen that the explanation of my former want 
of Huccesa la sufficiently intelligible. 

" A start was given by the following difioovery : — It chanced that 
my research assistant, Mr. W. S. Eowntree, conducted Pome examina- 
tions, in one set of which the analysis was uninterruptedly proceeded 
with, whilst in the other aet, duplicate specimens, afttr being placed in 
contact with potash, were allowed thus to remain for several days before 
the subsequent steps of the pi-ocess were carried out. The figures 
derived from the latter stood higher than those from the former, and 
the difference was sufficiently marked to arouse my attention, and 
lead me to conclude that it could only be dae to the effect of the 
varying exposure to contact with potash. 

" Pui-suing the suggestion emanating from what had been observed, 
I instituted a series of experiments, in which various products were 
exposed to the influence of potash for different lengths of time. It 
will suffice here to cite the results obtained from those upon 
muscle, which, from the little colour to be dealt with, yields a veiy 
favonrable material for experimenting with. The muscle, after 
having been thoroughly extracted with alcohol, was dried and reduced 
to a finely-divided state. Equal portions were taken, and placed in 
contact with equal quantities of a LO per cent, potash solution. After 
being allowed to remain for varying periods in this state, they were 
boiled, poured into alcohol, and afterwards proceeded with in the 
usual way. The results obtained stood as follows : — 

Cuprie oxide red nixing 

power, eipreaaed an 

glucose per 1000 parts 

of dried muscle. 

35-6 

4:18 



Boiled at once with potash 

„ after standing -^ days with potash. 
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" Affer Laving observed the manner in which the result was in- 
fluenced by the duration of the eipoanre to the action of the potash, 
I tried the effect of altering the strength of the potash solution em- 
ployed, and took for experiment sepai-ated proteida derived from 
various sources. The observations showed that a marked variation 
OGcnrred aa a result. A 2 per cent, strength, it was found, suffices 
for dissolving the material and aubsequentiy yielding a good liquid 
for titration with the ammoniated cnprio solution, but the amount of 
cupric oiido reducing product resulting from its use stands far short 
of that met with where a 10 per cent, solution has been employed. 

" The steps of procedure were these : The material was in each ease 
taken in a water-free slate. Preparatory to (reatment, it was pul- 
verised in a mortar and passed through a fine metallic gauze sieve 
(90 to the linear inch). Minuteness of subdivision is an important 
condition for securing complete solution by the potash. If boiled in 
a coarse state with potash, some particles may escape solution and 
disintegration, and thus lead to untrausformed proteid matter being 
Bubseqaently present when the stage of treatment with snJpburic acid 
is reached, the effect of which is to give a violet or rose-red colour 
(biuret reaction) in the process of titration with the ammoniated cnpric 
test, and thus interfere with an accurate determination being made. 
Under proper circnmstances no such interfering colour is produced. 
About 2 grams was the quantity usually taken for analysis. This was 
boiled in a flask, with the use of the inverted condenser, with 50 c.o. of 



easel being agitated from time 
attaching themselves to the 
le escaped solution. The con- 
t leas than 500 CO. of methyl- 
side until the following day 



the potash solution, for half aa hoar, the 
to time, so aa to rinse down the particli 
glass above the liquid, and secure that ni 
tents of the flask were then poured into n 
ated spirit, and the beaker was placed 

for the thorough settlement of the precipitate. The precipitate 
collected ou a glass-wool fliter plug, washed vfith alcohol, dissolved in 
hot water, and, after the addition of sulphuric acid to the extent of 
2 per cent., boiled for an hour and a half with the use of the 
inverted condenser, or placed in the autoclave and submitted for half 
an hour to a temperature of 150° C. (about 300° P.). The acidified 
product was then neutralised with potash, made up to a known 
volume, thrown on to a dry filter, and finally titrated with the am- 
moniated cupric solution. The subjoined account gives a representa- 
tion of the results obtaiaed. 
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" Egg Albumin. — ^Prepared in some of the inatanceB bj precipitation 
with alcohol, and in the othei-g by treating with water, faintly acidify- 
ing with acetic acid, and boiling. 

" With the 10 per cent, solution o£ potash, the reanltB showed tho 
existence of a cupi'ic oxide reducing power which, reckoned »b 
glacQse, averaged about 30 per 1000. With the 2 per cent, potash 
it stood at about 10 per 1000. 

" VitellinfTom Yolk of Egg. — About the same average figures were 
yielded as by egg albnmin. 

" Proteida of Blood Serum. — One observation, in which the fignrea 
stood at 16 pep 1000 after the employment of 10 per cent, potash, and 
at 6 per 1000 after 2 per cent. 

" Proteid oj Haricot Bean (classed as a globalin). — Obtained by 
extracting with cold water, filtering the solution, and coagnlating by 
faintly acidifying with acetic acid and boiling. Tbe absence of starch 
was proved by iodine, 91 per 1000 constituted tho fignres obtained 
after treatment with 10 per cent., 77 per 1000 after 2 per cent., and 
47 per 1000 after I per cent., potash. 

" Qlutenfrom Wheat Flour. — Washed till freedom from starch was 
shown by iodine. The figures given after the employment of 10 per 
cent, potash solution stood at 60 per 1000, and after 2 per cent, at 
54 per 1000, in tho case of one specimen ; and in that of another, at 
53 per 1000 after 10 per cent., 30 per 1000 after 2 per cent., and 
24 per 1000 after 1 per cent. 

" As I have said, I formerly looked upon the cupric oxide reducing 
product given by the process of analysis I have described as emanat- 
ing from the presence of free glycogen. The evidence I have jnst ad- 
duced negatives this view. If free glycogen or starch had been the 
source of the reducing product, the treatment with potash would 
have produced no effect beyond dissolving the associated nitrogenona 
matter and placicg it in a position to be separable by the agency of 
alcohol, and no difEwence would have resulted from varying the 
strength of the alkali or the length of time of contact. The con- 
clusion, therefore, dedncible is that the cnpric oxide reducing product 
taking origin under the circumstances must be derived from sonie 
other source, and that the source lies in the cleavage or disruption of 
the proteid molecule itself. 

"Besides the principles referred to above, from which, as I have 
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ahown, a capric oxido reducing product ia to he obtnined by the 
cleavnge aotion of potash, tlie Hubjuiued bnve &Iho, wit1i tbc results 
specified, been sabject^d to troattoent with pofash of 10 per cent, 
strength. 

" Fibrin.— Obtained by whipping freshly drawn blood, washing the 
stringy coagulum with water till colourless, immersing in alcohol for 
dehydration, and afterwards drying by exposure to the air. The 
cupric oxide reducing product yielded after ti'eatment with 10 per 
cent, potash amounted in one case to 2'2'07 and in another to 
22*72 per 1000, expressed as gincose. 

" Mucin. — Obtained from the vitreous humour of sheep's and 
bullocks' eyes by precipitation with alcohol and subsequently drying, 
27-4 to 29-6 per 1000 constituted the range of fignree yielded. 

" Oasein. — Obtained from milk by heating and faintly acidifying 
with acetic acid. The congnlum after being washed was squeezed, 
dehydrated by alcohol, and treated with ether for removal of fat. 
The cupric oxide redncing product yielded amounted only to 2 to 4 
per 1000. The dilTei-ence here presented from the figures in every 
oase previously given is very marked, and from this and other con- 
sidei'atioDS the idea is suggested that casein may itself be a nitrogen- 
ous oleavage product, lactose constituting the complementary 
carbohydrate part. 

" Oelatin. — It is to be noted as a point of difference from proteids that 
no cupric oxide reducing product ia obtainable from gelatin. Tha 
gelatin sold under the designation of " French leaf " is the kind I 
have submitted to examination. 

"In accord with the known effect of water at elevated temperaturea 
in leading, to a greater or less extent, to the splitting up of glucosides, 
it is found that from proteid matter a certain amount of cupric oxide 
reducing prodoct is similarly obtainable. After treatment of egg 
albumin with water at a temperatui-e of about 150° C. (300° P.), I 
have obtained fi'ora the liquid a product which has given nnmis- 
takable evidence of possessing cupric oxide reducing power. 

"Prepwration and Propertiegof the Cleavage Product, euseeptible of Con- 
version into a Cupric Oxide Beducing Body (Sugar'), derived from 
Proteid Matter. 



" I have shown I 



jugh the quantitative analyses conducted 
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with, tbe ammoniated cnpric Bolation, I was led to the discovery 
that a capric oxide reducing product is obtainable from proteid 
matter, T have referrod to my fruitless attempts to collect the 
cleavage product of the action of potash in quantity, and to the 
difficulty thereby created through the conflicting evidence presented. 
Subsequently an instance occurred in the course of the prosocution 
of my researches from which I learnt that the precise strength of the 
alcohol employed for precipitation after the boiling with potash con- 
stituted an item of greater importance in the process than I had 
previously realised. Looking, as I had originally done, on the pre- 
cipitated naterial as glycogen, I had assumed, from the known 
sparing solubility of this body in alcohol, that as long as the existing 
strength of spirit was not under 60 per cent, full precipitation would 
be secured. It now became evident to me, however, that such was 
far from being the case, and that unless much stronger spirit were 
nsed only partial precipitation occurred. 

" This information regarding the loss that may arise from the em- 
ployment of a strength of spirit that I had previously regarded as 
sufficient, together with what I have shown to be the different extent 
of cleavage effect resulting from the employment of different 
strengths of potash, suppbes the key to the explanation of the former 
want of success attending my endeavours to obtain the product in 
quantity. lu operating upon large amounts of material, the circum- 
stances are such as, without the knowledge of the requisite precau- 
tions to be observed, to be likely to lead to loss both from incomplete 
cleavage by the potash and incomplete precipitation by the spirit. 
Suffice it that I have now no difficulty in obtaining the product in 
any amount that may be required for the purpose of examination or 
experiment, and I will proceed to descnbe the steps of procedure I 
adopt with, for example, egg albumin, which has appeared to me to 
be the most suitable form of proteid to take as a representative of 
the group. 

" The whites of twelve eggs, separated from the yolks, are broken 
up in an egg beater, or by whipping, and poured a little at a time 
into a large capsule of boiling water, acidulated with acetic acid to 
the point required for obtaining a satisfactory coagulation of the al- 
bumin. The water is strained off through muslin, and the coagnlam 
washed, squeezed, and then placed in a flask with 20 grams of potash 
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n Biniill quantity of water. The mixture is placed on 
the watei'-bath for two or three hoars or Ret aside till the following 
dav, with in either case an occasional shaking, to become liqaeGed, 
The meaanrement of the liquid ia now taken, and potash added to 
the extent required to bring to a 10 per cent., strength. The flaak 
having been fitted to an inverted condenser, its contents are boiled 
for half an hour. Tlie liquid ie next treated with acetic, acid till 
rendered faintly acid, and after filtration concentrated on the water- 
bath to a bulk of about 100 c.c. iu order to diminish the quantity of 
alcohol subsequently required. It is now iu a somewhat viscid state, 
and if simply poured into spirit would sink as a coherent mass, To 
avoid this, a certain amount of spirit, insnEScient for precipitation, is 
added, and aferwards the whole poured into a further quantity of 
about 2 litres to secure that the strength of alcohol is in excess of 
what is actually required. The material then separates out in a 
finely divided form, and on the following day will be found to have 
settled into a gummy mass at the bottom of the vessel, from which 
the spirit may be removed by simply pouring off. This constitutes 
the product from which a cnpric oxide reducing body is obtainable, 
and which T formerly regarded as consisting of glycogen in a crude 
state. 

" The properties of the material thus obtained are as follows : — 

" In the dried state it forms a hard, glassy, resinoid mass. 

" It is readily soluble in water, giving a clear solution, 

" It yields no coloration with iodine. 

" It possesses no cnpri.c oxide reducing power. 

" It is precipitablo by alcohol, but alcohol of considerable strength is 
required for the purpose. In the presence of spirit of 85 to 90 per 
cent, it is in great part, if not completely, precipitated, settling down 
as an adherent, tenacious, gummy mass, from which the alcohol may 
be decanted off, and which may afterwards be worked up by stirring 
with a glass rod into a sticky material. With absolute alcohol, used 
freely, it is thrown down as a finely-divided white precipitate, withont 
any tendency to coalesce into a gummy mass. When precipitated in 
the gummy form treatment with absolute alcohol exerts a dehydrat- 
ing action upon it, causing it to harden and assume a crumbled, in 
place of a cohesive, state. In the presence of spirit of less than 85 
per cent, strength, precipitation becomes more and more incomplete. 
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and the precipitate produced by the weaker kind of spirit aBBamee a, 
loose or non-adherent form. The is completeness of precipitation by 
moderate strengths of alcohol ia readily made apparent by the 
further precipitation that occurs upon the addition of more alcohol to 
the anpernatant spirit. 

"In its physical characters it presents a resemblance to Landwehr'a 
'animal gum," Chemically it alno resembles Laudwehr's 'animal 
gum ' in forming a copper compound on being, treated with cupric 
sulphate and cnustic potash, from which it ia sasceptible of recovery 
by the agency of hydrochloric acid and subsequent precipitation with 
alcohol. Landwehr'a process is in substance at followa ; — 

"The cleavage product obtained from mucin by the action of 
dilute hydrochloric acid ia dissolved in water, and to the solution 
flro added a sufficiency of copper sulphate and excess of caustic 
potash. The precipitate containing the copper compound in 
separated by filtration, assidaously washed, dissolved in as small 
a quantity as possible of strong hydrochloric acid, and the 
solution poured into three times its volume of absolute alcohol. 
On placing the alcoholic liquid on the water-bath at about 60° C, 
a flocculent precipitate almost immediately begins to separate 
out, which constitutes the liberated "animal gum," nnd which, on 
being collected and subjected to appropriate treatment with sulphuric 
acid, gives origin to a cuprio oxide reducing product, 

"I have applied this process to the product under consideration 
derived from the action of potash upon albumin, and have found 
that it behavea throughout like Landwehr'a ' animal pum,' and 
similarly yields a cupric onide reducing body. Moreorer, I have 
further found that this cupric oxide reducing body gives with 
phenylhydrazine needle crystals of glucosazone, of which I have 
obtained micro- photo graphs. 

" The product, it may be finally remarked, possesses the property 
of difEusibility, a character in which it differs from the amylose 
carbohydi'ateB — starch, glycogen, and dextrin. I have been unable 
to find any statement about the difEusibility or otherwise of 'animal 
gum,' bnt it is described aa being a constant constituent of the 
nrine, which may be regarded as indicative of its being of a diilu- 
sible nature. 
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** Treparation and Properties of the Cupric Oxide Reducing Product 
(Sugar) derivable, through the preceding product, from Proteid 
Matter, 

" By the action of mineral acids, the first-formed product of which 
I have been speaking undergoes conversion into a cupric oxide 
reducing material. For effecting this conversion, I have for years 
past been in the habit of using 2 per cent, sulphuric acid. I was 
under the impression, as I have already said, that the product con- 
sisted of glycogen, and from observations upon the conversion of 
starch aud glycogen into glucose, I had formed the opinion that 
sulphuric acid of the strength named best and most securely met 
the requirements. Boiling for an hour and a half with an inverted 
condenser was resorted to, unless the autoclave was used, in 
which case half an hour's exposure to a temperature of 150° C. 
was found to produce an equivalent effect, the results given by 
the two methods being practically identical. Where a quantitative 
analysis has constituted the object in view, the acid employed 
has been subsequently neutralised with potash. The sulphate 
of potash formed does not, under the circumstances, occasion 
any inconvenience; but, should it be desired to collect the re- 
ducing product, the acid must be removed by precipitation, and 
this is best effected by the agency of barium carbonate. The fil- 
trate from the barium sulphate and surplus barium carbonate being 
afterwards evaporated to dryness on the water-bath, the material 
in the state desired is yielded. 

*' With regard to the cupric oxide reducing product obtained, I had 
all along felt, from certain points connected with its manner of re- 
ducing the ammoniated cupric solution, that it did not consist of 
glucose, and I several times tried to get it carried higher in cupric 
oxide reducing power by the acid. I noticed with products which 
had been allowed to stand for some days or weeks after boiling with 
the acid that indications were afforded suggestive of the occurrence 
under examination of increased cupric oxide reducing action, but the 
evidence did not come out with sufficient distinctness to permit of 
my drawing any definite conclusion upon the point. Moreover, I had 
the fact before me that standing with potash was attended with an 
increased effect, and it seemed to me unintelligible that the same 
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i-estilt should occur from standing with the a<!id. In reality, how- 
ever, tliere ia truth in what I observed, and I can aow deraonatrate 
that the body I obtained with the 2 per cent, acid is auaceptible of 
being carried into one of much higher cupric oxide redacing powei'. 
What appeared to be anomalous is now cleared np. Through the 
potash, the capacity exists for an inSnencc to be exerted upon the 
amount of cleavage product developed ; and through the acid, the 
Bubseqnenfc trana formation may be inflnenced in such a manner aa to 
give a product with an increased cupric oside I'educing' power, and 
Ihas the semblance of an increase o£ material. 

" It was from what I observed whilst workiug with the phenylhydr- 
azine test that the suggestion was snpplied which led to the next step 
of progress. Struck with the resemblance between the deposit (not 
crystalliae, it ia to he remarked) given by the reducing product 
derived from the action of the 2 per cent, acid and that given by 
lactose (the ordinaiy ciystallised of commerce), I was led to re- 
new ray efforts in the direction of getting the body carried higher 
in cupric oside reducing power. In experimenting with cellulose, 1 
had found that but very slight action was prodaced by 2 per cent, 
acid, but that considerable effect followed the employment of acid of 
10 per cent, strength, and it occurred to me as possible that the body 
I was dealing vrith might, as I'egards resistance to the action of acida, 
stand in a similar position. I waa thus led to try the effect of 10 per 
cent, acid, and, as the result, found that the reducing power of the 
product became nearly doubled — iu other words, became raised in the 
proportion of from between 50 and 60 to 100. Upon the strength of 
this result, I tried the effect of 50 per cent, acid allowed to remain 
in contact with the product for from one to thi-ee days, then diluted 
to 10 per cent., and boiled. The result stood about the same as after 
direct boiling with 10 per cent. acid. After 16 per cent, acid, also, a 
like result was obtained. As yet 1 have failed to carry the body to a 
higher stage of cupric oside reducing power than that produced by 
10 per cent, acid, but I am, nevertheless, not satisfied that the stage at 
glucose has been reached. Indeed, I am led to think that it has not, 
" The effect of raising the cupric oxide reducing power is to give a 
semblance of a coii'esponding increase of material. The figures, 
therefore, representing the amount of cupric oxide reducing product 
expressed as glucose, obtainable from the vai'ious proteids as a result 
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of the emptoyment of 2 per cent. Rulphanc acid, reqaife, as a roBult 
of the emplojment of 10 per cent, acid, to be oenrly doubled. 

" The product cbtaiued after the separation of the sulphuric atjid by 
barium carbonate and evaporation to dryness posseasos tlie following 
chaise tera: — 

" It presents the appearaucR of a sugary extractive, and possesses a 
pronounced baked-sogar odour. 

" It is very soluble in water, only slightly soluble in absolute 
alcohol, considerably solable in spirit of about 90 per cent, strength. 

" It is readily diffusible, 

" On being boiled with caustic potash (Moore's test), the solutiou 
darkens in colour. 

"It dissolves hydrated oxide of copper in the presence of potash in 
excess (Trommer's teat), without the prodnction of a biuret reaction ; 
at least, specimona are often procurable of which this can be said. 

" With Fehling's solution it gives a strong and neat reaction, the 
reduced oxide of copper falling as a dense I'ed precipitate. 




o-phologTBipl]. of oeazoue crjstitU Ffoiu the cleavage sugar 
u egg Blbiunio. Magnified 100 diametera. 
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"HeBted on the water-bath for from two to three hours witQ phenyl- 
hydrazine and acetic acid, it yiolda on cooling a crystftlline osazone, 
presenting the form of needles aggregated into sheaves ov brushes, 
or clustered in a radiating manner into dense round masses. Fre- 
quently the composite character of the round masses is only to be 
seen on close inspection of tlie circumference. Whilst a certain type 
of chai'acter is presented, variations within certain limits aie notice- 
able, and sometimes an approach to a spike constitution is observable. 
The crystals are soluble in alcohol, from which they may be recrys- 
talllsed. 

" It gives with benzoyl chloride an insoluble compound, in accord 
with the behaviour of carbohydrates. 

"With «-naphthol and eKcess of strong sulphuric acid it behaves 
like sugar in giving a deep violet colour, and leading on dilation to 
the formation of a violet-blue precipitate soluble in alcohol, ether, 
and caustic potash, with the production of yellow solutions, but in- 
soluble in hydrochloric acid, a character by ivhich, according to 
Molisch, the precipitate produced from sugar is distiuguiahablo from 
that derived from peptone and various albuminous bodies. 

"With thymol and excess of sti-ong sulphuric acid, it, again, behaves 
like sugar, giving a deep red coloration, followed on dilution by the 
production of a carmine-red pi-Qcipitate, soluble in alcohol, ether, and 
caustic potash, with tha formation of palo yellow solutions, and in 
ammonia with the formation of a bright yellow solutiou. The pre- 
cipitate, as in the case of the a-naphthol test, is found to possess the 
character o£ insolubility in hydrochloric acid. 

" It i.s susceptible of being thrown down in combination with oside 
of lead, and is afterwards recoverable from the compound. To de- 
monstrate this, the aqueous solution is first treated with neatral 
acetate of lead and filtered. Ammonia is then added to the filtrate, 
and afterwards lead acetate and ammonia as long aa farther pre- 
cipitation occurs. The precipitate, which contains the sugar com- 
ponnd, ia collected and washed with water until by test-paper it in 
shown to be free from ammonia. The sugar is now liberated by dis- 
solving the precipitate in acetic acid, and the lead got rid of by 
precipitation with sulphuric acid. From the sugar thus recovered 
the usual reaction ia obtainable with Fehling'a solution (provided the 
I has been fully removed) ; and also the crystalline osazone, 
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with phenylhydrazine. Sabjoined ia a micro -photographic repre- 
BBntation of the crystals I have obtained. On comparioi; them with 
those previously represented, it will be Been that a somewhat modiSed 
form is presented as the result of the process that the sugar has 
passed through. 




Osazoue urjEhUs fruui the cteavago sugar fram egg nlbinuiu rcuotered from thfl 
lead (compound, Magnified 400 diameters. 

" From this assemblage of positive characters, it appears to me that 
there can be no doubt that the cupric oxide reducing body obtainable 
from proteid matter consists of sugar. It is to bo stated, however, 
that I have uot yet obtained it in a form to prove fermentable, and 
Dr. Sheridan Lea, who has kindly undertuken its examination with 
the polarimeter, informs me that he has failed to notice any rotation 
of which he could speak with certainty. If anything, there was, 
he adds, e. tendency to Irevorotation, but amouuting to not more 
than O'-l. 

" As regards both fermentability and optical activity, it is known 
that sugars exist without the possession of these properties. Land* 
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weKr'B 'gnininose,' which etaads closely related to my cupric oxide 
reducing prodaot, if it is not actoally identical with it, coDstitates 
an example of a Bngar that does not ferment. With regard to 
optical activity, not only aro angars known which do not exhibit this 
propei'ty,* but there is the farther point of consideration that a rota- 
tory power which may esist may be neutralised, and thus masked 
by a rotation in the opposite direction due to the incidental presence 
of other bodies. 

"In addition to the evidence derivable from the positive characters 
that have been mentioned as possessed by the cupric oxide reducing 
product, there is the corroborative evidence to be taken into account 
supplied by the characters of agreement observable between my 
primary non-reducing product and Landwehr's 'animal gum.' As I 
have already shown, the product in question cart be thrown down, 
precisely like ' animal gam,' in combination with copper oxide, and 
is afterwards recoverable and convertible into a cupric oside reducing 
body, which, as I have further said, yields with phenylhydi'azinc a 
crystalline osazone. Two kinds of crystals are perceptible in the sub- 
joined micro -photograph (p. 42), one conaisting distinctly of the long 
needles of glucosazonc. In its ready mode of separating out, the 
osazone, it may also be said, was observed to agree with that derived 
from glucose. A 10 per cent, strength of sulphuric acid woe employed 
in obtaining the cupric oxide reducing product operated upon. 

" la closing this commnnication, I feel it due to my assistants, Mr. 
Rowutree and Mr. Siau, to acknowledge the zeal with which they have 

• It ia known, as a practiual detail, to thoso wlio aro nngogod in tiio sugar-tano 
industrj that the glucose present in the liring and growing cane is not passesBed of 
opticSil properties, or, at least, i[ it does possess optical properties, that tliej must bo 
of a nature to eioctlj neutralise oach otlier, for if tlie frcehly-cut cano is at once put 
through the mill the glucose contained iu the extract ia found not to interfere vitU 
the polarimctrie oetimatiou of the caue sugar. With the glucose, on the other 
hand, recognizable after the cane has been out or injured, the circumslancos eland 
otberwiae. The juice here contains glucose of an oplicallj actiie nature, consisting 
of ordinary invert, or transformed cane, sugar. This may greatly exceed in amount 
the inautiro glitcuao present in the fresh cane ; and, in proportion to Its amount the 
estimation of the cane sugar ia interfered vith. 

Upon t)ie question of optical activity Emit Fiaohcr remarks that experience, in 
connexion with the bodies belonging to the sugar group, confirms the vievr that for 
erei; opticallj active aubstance there exists an isomeric form of opposite optical 
activitj, and that the two cuiui>ouads combine together to form an innctiTC modifl- 
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helped me in tba work that has been performed. I further consider 
it doe to btato that the fuciUties affordeii by the Research Labors- 




iagixv ubtaiofil frum t\w primurj nuu-rcdutiug pruduct 
its copper torn pound. MsfjaiQed 109 diajuotcrs. 



tui'iua of tho Coltefjres of Fhysi 
tribaied to onable me to carry 
that has been attained." 



md SurgeoDB have lai'gely con- 
iiiveatigati^u work to the point 



The above traiiBoript I'epreseiits the extent to which my knowledge 
had reached when I communicated my reHa1t>> to the Royal Society 
in May last. I thought it probable that by further work, through 
the aid of the copper precipitation oE my primary non-reducing 
prodnct, sugar might be found to be obtainable in a BufSciently pure 
form for HubmiNBion to combustion analysis. I hare exerted jay 
endeavoui'B towards the achievement of this object. The aaccessfnl 
precipitation appeal's to rest upon the employment of delicately 
balanced quantities of the agents uaed ; but, aa Btatcd in the com- 



(JLUCOSIDF. CONSTITUTION OF PKOTEID MATTEH, 43 

mnnication above Bet forth, I have obtained fi'om the copper pi'e- 
cipitate a prodnct which on beiug aubjeoted to the luvertiiig 
inflnence of snlphnric acid hfls acquired cupric oxide redncing powei', 
and lias given with pheiiyl-hydraziue tlie osaaone cryetals represented 
by the photo-engraving inserted. Repetitions of the process, how- 
ever, have not been always attended witii success ; and there is this 
important consideration, that, whatever may be the ease with Land- 
wehr's animal gum obtained from mocin, my product, obtained by 
tho action of potash upon albumin, after subjection to the copper pre- 
cipitation process, is accompanied with other material which comes out 
in the spirit on warming in a Bocculeot form, precisely as is done by 
animal gom. This establishes a difficnity which entirely frnatratea 
the attainment of the object to which I thought the copper precipi- 
tate might prove applicable. 

Cleavage of Carhohydvate from Proteid Matter by the direct action of 
Snlphitric Acid. 

An extension of research upon modified lines has led to another 
important step being effected. Through the advance made, the pre- 
liminary prodaction of the non-cupric oside redncing material by the 
agency of polaah is no longer needed. It turns out, in fact, that the 
cleavage of the proteid molecule, with tho liberation of augai', can be 
brought about by the db-eot treatment of albumin with sulphuric 
acid. Thus the process for demonstrating tho gliicosidc constitution 
of proteid matter becomes very much KimpUfled and shortened. 

I ti'ied, some time ago, the effect of the direct action of sulphuric 
acid upon the proteid matter of muscular' tissue. I had not then 
worked with phenyl-hydi'azine, and I could make out nothing detinite 
through the employment of the copper test, on account of the ob- 
acuriiig effect of the peptone reaction, although I felt strongly im- 
pressed that evidence was afforded of the occurrence of a redncing 
action, I made attempts to separate the peptone, but failed to find a 
satisfactory means of doing so. Later, whilst working at the osa- 
zones, it occurred to me to apply this method of sugar recognition to 
the product of the direct action of sulphuric acid on pi-oteid matter. 
The result obtained was a copious production of well shaped osazone 
crystals. 
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For the application of the pi-oceea, 10 groma of purified, driecl, and 
finely divided (passed throngh a 90 to the linear indh sieve) egg 
albumin constitutes a convenient quantity to take. As sugar ia 
originally present, wliich would remain undeatrojed by the action of 
the acid, it is necessary that cai-e should be exercised to eecnre com- 
plete purification. This, it may be considered, is effected by the plan 
adopted, consisting of precipitating by and boiling with alcohol, snb- 
seqnently extracting with boiling wafer, and finally with boiling 
alcohol. 

The material to be dealt with is placed in 50 c.c. of 10 per cent. 
Gulphuric acid and exposed to heat in the requisite mauoer. The 
form of osazone crystal obtained, as will be presently shown, varies 
with the extent of influence exerted by the degree and duration of 
the heat brought to bear. The further the action of the acid is 
pushed, the quicker the osaKone separatee out and the more distinctly 
acicular, in brush-like or stellate aggregations, the character of the 
crystals formed. The less complete the action, the moi'o ball-like the 
form of crystal presented and the less speedy the deposition. It 
appears to mc, from all I have seen, that the different forms of crys- 
tals arise from, corresponding modified forms of sugar; and, that in 
the first manifestation of the power of crystallising the character 
assumed is that of a nebulous or moss-like radiate body. In the case 
of the sugars from other sources, it is found that, the lower the cupric 
oxide reducing power, the more, apparently, does the osazone crystal 
deviate from the acicnlar form belonging to the osazone derived from 
glucose. 

The suggestion arising out of these considerations is that probably 
modifications of sngar exist beyond those which are now definitely 
recognised and described, and that the initial product cleaved off 
from pi-oteid matter by the action of sulphuric acid is more or less 
widely removed from glucose, but becomes progressively carried 
towards it by prolongation of fcho action. 

Doubtless much remains to be learnt regarding the extent to whioh 
varying moleculai' combinations may occur to produce different 
varieties of sugar. Jost as cane sugar may be conceived to be con- 
stituted of a linking together of a dextrose group and a loevulose 
group (with concniTcnt dehydration) ; maltose, of a linking of two 
dextrose groups ; milk sugar, of a dextrose gronp and a galactose 
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i raffinose, of three different glucoao groups — dextrose, 
Mil galactose : so there possibly may be other linkings of 
Bttgar groups of different degrees of hydration and in varying mnlt- 
iple proportions, giving rise to a large extension of the varieties of 
sugar beyond those at the present time particularised by chemists. 

A foundation for this hypothesis is presented by the view enter- 
tained by authorities of eminence with regard to what Dcuurs in the 
Buoceaaive steps of hydrolysis attending the transformation of starch 
into maltose. Amylodexti-in, for instance, is spoken of as a body 
consisting of one maltose {CjiHaO,,) group linked with six amyloso 
(C|iHaoO,o) groups, and maltodextrin as a body consisting of one 
maltose group linked with two amylose groaps. 

After the requisite exposure to heat has been completed, the sulph- 
uric acid employed is nearly neati'aliaed by baryta, and neatralisa- 
tion finished ofT with barium carbonate. The liquid is then brought 
to the balk reqnii-ed, and, after tlio addition of phenyl-hj-drazine and 
acetic acid, is heated on the water-bath for at least an hour. Crystals 




Onxono crjBtals from clEaTAge augur obtained from egg albumin by direct octi 
of Bulphnrio acid, af Ler limited extent of uctian. Magnified 400 diametan. 
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five foQud to make their appoaratice, sometimes whilat on tlie water- 
bftth, but mora frequently not lill cooling commences, and to go on 
separating out for Home hours afterwards. If the hot solation ia 
poured into a cool glaaa the crystsls fall in quite a abower-like 

mtinner, 



I 




one crjalals from rleavagt' sugar obtaiiifd from egg albumin bj direct action 
of Bulpkurio acid, after more prolouped action. Magnified 400 diamBtere. 

From the osazone obtained the sugar is susceptible of recoverj by 
following tho procedure described by I'iRuher. The osaaone crystals 
are collected on a glass-wool filter, washed with water, and dried. 
They are then treated with a little strong hydrochloric acid (ap. gr. 
1'19), qnickly warmed to4i0° C, at wbicli temperatare the mixture is 
kept for one minnte, nest cooled to 26° C, and then allowed to stand 
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for ten mimitea. The phenyl -hydrazine hydrochloride which has 
been forraed is now separated by filtration through glass wool, aud is 
■washed on. the filter with a little concentrated hydrochloric acid. 
The filtrate contains a body corresponding with the glncosone 
described by Fischer, For the separation and pnrification of thi8 
body, the acid is first neutral ised ivithlead carbonate, and, after filtra- 
tion, the liqoid treated wilb animal charcoal. Excess of baryta-water 
is next added, the glncosone -like body being thereby thrown down in 
combination with lead hydrate, from which it is subsequently separ- 
ated by the employment of dilute sulphuric acid. After the excess 
of sulphuric acid lias been removed with barium carbonate, the 
liquid is concentrated to a syrup by evaporation at a low tempe- 
rature. The body thus separated has the capacity, like sugar, of 
uniting with phenyl-hydranine, and the following is a representa- 
tion of osazono crystals obtained from it. 




Osaioue erjamla from the intermediate body obtuined in thD procesB of reeorerj of 
Bogar from Ike clesTage-sugar osaione. MagoiEcd 400 diameCerB. 

From the intermediate body sugar is obtained by reduction with 
sine-dust and acetic acid. The recovered sugar is found, after 
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removal of the ainc present, to' give a clean and definite reaction 
witb the copper teat, attended with a distinct deposition of red 
oxide partiolea. It also yields an osazone with phenyl-hydrazine. 
The following ia a photo -en graving from a micro- photograph of 
crystnlH so ohtained. 




The melting point of an osav^one gives informatioa which renders 
assistance in the identiS cation of its sngar. I hare conducted 
several observations, with the view of determining the melting point 
of the osazone from the cleavage sngai' from proteid matter, and 
find that it may be slated to stand at ahoat 189 — 190° C. It thna 
more closely approaches the melting point of galactosazone 
(190—193° C.) than that of glucosazone (205° C.)- 

From what has preceded, it will be perceived that the phesyl- 
hydrazine test has proved of immense value in the pursuit of the 
investigation which has revealed the glncoside constitution of proteid 
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matfei'. It. has not only nevved to corroborate the indioationa of 
tliB copper-reilnction test, but hm pmvcd snBi-eptihle of application 
where this teat, from the presence of intei'ferinR matter, has not been 
satisfactorily available. For in'itance, the product ft-om the direct 
nction of snlphuric acid upon albnmin, when treated with the copper 
test, i^ives no reaction from which, taken alone, any reliable in- 
formation conld be drawn. From the binret reaction produced by 
peptonoid matter present a mflsking inflnence is exerted, and 
the ammonia generated interferes with the deposition of snb'oxide. 
With the knowledge snpplied thronpli the phenyl-hydrazine reaction 
I not difGcnlt now to recognise, not withstanding the ohscaring 
effect of the binret reaction, that a reduction of the copper test in 
'cality occurs. What is observed is that the blue colonr imparted 
by the test liquid is, on boiling, removed, without the formation of 
any precipitate. That tliis disappearance of colonr is actually duo 
to rednction is shown by the return of colour which occnrs fi-ooi 
iidation, when the contfliits of the tube are well .shaken in con- 
tact with air and allowed to stand; and, further, by the fact that, 
under prolonged boiling, the ammonia proiiuced may be so far dis- 
sipated that the deposition of a certain amount of reduced oxide is 
jiorraitted to take place. Had it not been for the masking action 
of peptonoid matter, to wbicb I have been referring, I venture to 
think tbat the liberation of sugar from pi-otoid matter, looking at 
simple and easy manner in which it is hiflught about by tho 
agency of sulphuric acid, wonld long ere now have stood in the 
position nf an established fact. 

fha'-agp i,f Carbohydrate frnm Fivteid MaHfr Inj DigenHi'e 
Ferment Action. 

Another means can be shown to exist whereby the cleavage of 
carbohydrate from proteid matter can bo effected. By alkalis it is 
cleaved off in a form devoid of cupric oxide reducing power, and 
■ise of the property of producing an osazone on treatment with 
phenyUhydrazine, but suaceptible of acquiring these properties 
rongh the converting influence of sulphuric acid. By sulphuric 
id, applied direct, the carbohydrate is liberated in the form of a 
reducing sugar. By the agency of pi-oteolytic ferment action the 
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8!»mp eflpct is piiiduced ab by Balpharic; acid, and wc linve hero a 
pnirt. of much physiological importance presented. Purified epg 
albumin jicldH, nnder pepain digestion, a product, which gives chnrac- 
teristic oaazone crystals with phenyl -h yd rasiine. In coudncting the 
experimental work upon which this statement is basei], I fonnd that 
precantiona require to be taken to secnrc that no falldoy is allowed 
to creep in. In the first place, the Rogai- of the egg ulhnmin should 
be thoroughly removed by successive estractions with boiling water, 
or — what is better — by precipitating, in the first instance, with 
boiling alcohol, and, afterwards, succcHsively extracting with boiling 
water and alcohol; and, in tho next place, it must be ascertained 
that the pepsin employed does not contain impurity, as many samples 
of pepsin do, to constitute a source of osazono production. 

Now, the result of experimenting with egg-albumin, which has been 
thoroughly deprived of free sugar, and pepsin, which, taken alone 
and exposed to contact with the acid as a countflppart experiment, 
gives a negative result, is that osazono crystals are obtained. Before 
conclnding, however, that these crystals are derived from cleavage 
effected actually by digestion, another counterpart experiment requires 
to be performed, consisting in the exposure of the egg albumin to 
contact with the acid and water without tho addition of the pepsin. 
Treatment, it is found, of the product of this procedure with phenyl- 
hydrazine yields no crystals of osazone, thus proving that the acid 
alone is not the operative agent. Indeed, with a strength of acid of 
only 0'2 per cent, and exposure to the moderate tempoiatare required 
fur digestion, no effect from the acid alone could bo reasonably 
looked for. 

From tho evidence presented it is thus permissible to conclude that 
in the process of digestion the carbohydrate constituent of the proteid 
molecule is set free, and it will be noticed that it presents itself to onr 
view under the form of sugar. Subjoined is a photo-engraving of a 
micro-photograph of osazono crystals given by the cleavage sugar 
arising from the digestion of egg albumin. Digestion was allowed 
to proceed for 8^ hours at 54° C, the albumin in the roagalated, 
dried, and pulverised state in which it was used | 
resistant to digestive solution. 




' I'lonvn^ «u^r gitfii i<T >ltir>'»i 111)1 i*y jtriiui* vff tlhumln 
itnil IW c.c. of O'S iwr cent. h.ntriMhlorlo »fh\. MimnI* 



Coneltmiin from Arnt^ n/ Krulfticn yrn^Hlni, 

From what hna pr<<cPdod it U awn tlint n rWvftpi proiliict in in 
dilTei'ent ways obtninnl>lc fi-rtm pmti'iii iimMyr wliicli |ioiiiiom«n 
pliMT>t't«rs prt'scnting the ciosost )Ktiitlfi iif iiU'iHtly with thou* of 
NUgnr. The reaction, rspwiHlly, whieh it givcH with plipnyl- 
hydnuine, cmbmcin^ not only tlip ccyxlAllino farm nntl moilo of 
aepnratinK out of tlic oaaitnnc obtained, but nlin tho ninnntu- in whloh 
it Bubaequcnlly bohnvoD, ofFordii t1io Htran^roRt proNumptivd oviilpncHi 
that sugar ia present. Thuro can bo no doubt nlxiub tho fool llint nil 
osasoDO ia produced, and, witli tho knowlctlgo thnt wp poiianNii 
regarding the derivation of omiuoik'h, it ix not, it inny b<i ronHldnrndi 
pomiiasihlc, nnditr tho wholo oii-<nimNtniico« of t)iii riuw, to look to 
atiythinfi; pIsc than migar no tho houi-oh of Mio oMnaonii given by tlio 
rlcavago product from protoid nmttfr. 

Tho negfttivH ovidenco, hiiNt-d ii|ii>ii (ipliciil iiini'livily iiinl mm- 
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termentabiHty, cannot be considered to invalidate the positive 
evidence thnl is addocible. 

Optica! actirity is a property in connexion witli which nrnch 
diversity eitiBts, anme sugars being desti-o- rotatory, others leevo- 
rotatory, othei^ inactive, fi-om the nentralising effect of the presence 
of varieties with opposite rotatory powers, and, again, othera abso- 
Intely ina<?tivB, and not to be resolved into component active sugars. 
Vurther, a sugar with i-otatory power iu one direction is snsceptibli" 
of being convei-ted into a sugar with a rotatory power in the opposite 
direction, as is exemplified by the convertibility ot dextrose into 
lievuloBC (Fischer). 

Fevaientability is a property similarly circumstanced with rogitrd 
t^ divereity. Sugars, it is known, exist, even amongst the glucoses, 
which are not fermentable, and it may happen that one form of n 
particular group having one kind of optical activity is fermentable, 
whilst another form, with an opposite kind of optical activity, is 
not. For instance, ordinary Iffivulose, which is Ifflvo-rotatory, fer- 
ments, whilst a dextro-rotatory form of Irevnlose which has been 
artificially obtained is not fermentable. A similar difference is 
o.hservable iu the dextrose group, the ordinary or dextro-rotatory 
form of dextrose being fermentable, whilst the Itefo-rotatory form is 
not (Fischer). Whatever may subsequently prove to be attainable, 
it is not contended that the sugar from proteid matter haa yet been 
brought into the form of glucose— indeed, the evidence is to the 
effect that it has not. If, therefore, so resistant to passage into 
glucose, there is nothing surprising in its being resistant to the fer- ■ 
menting influence of yeast. 

Whilst the recognition of the glucoside constitntion of proteid 
matter was entirely founded upon the information drawn from its 
subjection to disintegration, the Infonnation derivable fi-on the 
opposite consideration fits in and supplies confirmatory testimony. 
It will, in what immediately follows, be shown, upon irrefutable 
grounds, that in the construction of proteid matter by the synthetic 
power of protoplasmic chemistry, carbohydrate matter is a partici- 
pating agent. If carbohydrate matter thus enters into the construc- 
tion of the proteid molecule, it only stands in harmony with what 
might be expected, that it should be susceptible of being again 
liberated with the occurrence of disintegration. 
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Syiillidic Forinatiun of Proieids by the hicuryomtion uf GaTbvhydrate 
with other Matter. 

I will pass now to the tonside ration of the iiioile of origin of pro- 
teid mattev, and as wo pvoeeed it will be found that what has to ho 
stated gives support to the view coucerning' its cooBlitution that I 
have enunciated upon the strength of i-esults yielded by analytical 
investigation. It will be of advantage, as a preliminary step, to see 
what light is thrown upon the matter hy the artificial piwduction of 
glacosidea. 

Various gtuoosides have been artificially produced. Berthelot 
found that when glucose ia heated for a number of lioura at 
100 — 120" C. in contact with acetic, butyric, and other oi'ganio auids, 
the two enter into dii'ect combination, with an elimination of tbc 
elements of water. From the syntbesiaed compounds thus obtained 
the oarbohydmte may be again «piit off by heating with an alkali, 
and it is interestiug to note that it reappenvs, not as glucose (CeHuO,), 
hut in a state of diminished hydration, viz., as glucosan {CiHmOs). 
In fact, an illustration is here afforded, not only of the production uf 
a glncoeide by the iucoi'poi-ation of a carbohydmte with another 
body, but also of the subsequent separation of the carbohydrate in a 
modified form. 

If we look now to tlie production of proteid matter by the uyu- 
thesiaiug action of living protoplasm, we meet with evidence unmis- 
takably showing that the production may arise fi-oni the combination 
of carbohydrate with elements derived from nitrogen- and sulphnr- 
containing compounds, . ' 

The facts connected with the growth of tUe yeaat cell may bo 
adduced in substantiation of what has been stated. Life is hei'o 
cai-ried on in so simple a maunei- that it ia not difficult to express in 
precise terms the phenomena that oceur, and the conditions as regai'da 
materials supplied for growth may be so arranged as to furnish :i 
demonstration of the application of carbobydi'ate to t!ie construction 
of prot«id. 

Aa Pasteur showed, many yeaiii back, yeast cells freely multiply in 
a medium containing sugar, ammonium tarti-utf, aud the aah of 
yeast The growth that here takes place implies u growtli of cell 
protoplasm, aud with it a corresponding formation of proteid matter, 
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the only flonrce for whicli is the gi'onp of pi-in<.-ip1eH uoiifiiim!(l in the 
Hurronitding medium. Althongh it may be reHSonabty JnFerrod that 
the carbon, and the hjdi-ogon aud onygen, of the sagai- contribute to 
the formation of tho protoid, the proof of such being tbo case is not 
absolute, HOfing that all theolemontH in question ave contained in tbo 
tartHric auid of thu ummonium tartrate. It ts possible, however, to 
Hupply a niL'dium iti which tho growth will similarly tnke place, and 
which containx no carbon compound except the xngar. Such a 
medium is mentioned by Sachs* as having been doviaed by Adolf 
Mayer, and is stated to caniiist of water, sagai', amnioniun] nitrate (in 
place of the nmmonium tartrate of Paatour's liquid), acid potassium 
phosphate, tribasic calcium phosphate, and magnoHium salphato. 
When yeast is grown in this medium, it is self-evident that the whole 
of the carbon required to form pi-oteid must be derived from the 
sugar. Tho example thus affords incontrovertible testimony that 
carlxihydrate, in tho prcsonco of the other requisite matter, oon- 
the influence of the chemical power with which 
im in endowed, to the construction of proteid. 
lupply needed for co-opeiuting with the carbohydrate 
in the production of pruteid may, as we have seen, be derived, in the 
case of tho growth of a simple organism like the yeast cell, from even 
an inorganic aoni-ce. In tho higher vegetable organisms, where 
nutrient substances have to be ti-ansported to distant seats of utilisa- 
tion, the nitrogen is suppliod in a more elaborated form — very 
gonorally, it would appear, in the form of what is called usparagin, a 
crystal Usable, dilTusible principle, allied as an ami do- compound in 
constitution to loucin and tyrosin, aud, like tbcse principles, sns- 
coptible of taking origin from the splitting up of proteid mattor. 
Asparagin is foand widely diffaaed through tho vegetable kingdom. 
It is rocognisod by vegetable physiologists as a factor extensively 
concerned in tho formation of proteid by combination with carbo- 
hydrate matter and tho sulphur of a sulphui-containiuj^ body. It ia 
especially to bo found in the growing parts of plants, and appears to 
bo formed fram stored nitrogenous material as a ptineiple adapted 
for transportation from the seats of reserve to those of aotive meta- 



tribntes, under 
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• 'Lecturei on tho Plijfiologj of Plants," by Juliiie von aacbs, translated by 
II. Manhall Ward, p. ;iB3i Clareadon Preu, Oiiord, 18B7, 
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bolic change, where a re- combination with carbobyrdate matter is 
aBBerted to take place. 

The view repreBentecl, impljing the joint participation of asparagin 
and carbohydrate in proteid formation, is fonnded upon observationB 
which show that when the conditions are sucli as to permit of carbo- 
hydrates being pi'eaent in ahnndance no asparagin is to be fonnd at 
the seat of growth, whilst, if means are taken to limit their rmpply, 
as, for instance, by expenmenting with slips grown in the dark or 
with the esclnsion of carbonic acid, asparagin in to bo readily det-ec- 
ted. It can snbserinently bo made to disappear by exposing the 
shoots to strong light, and the disappearance is coincident with the 
formation of carbohydrates on the one hand, and the production of 
proteid matter on the other. The natural conclusion to be arrived at 
is that the asparagin combines with the carbohydrafo and becomes 
nsed up in contributing to the formation of proteid matter. 

Proteid Matter and the I)epo»ltioii of Carhohydrate in the Vegetable 
Organism. 

I have spoken of the participation of carbohydrate in the constrnc- 
tion of proteid matter. I will now pass to the consideration of the 
converse aspect of the question and epoak of its splitting off from 
proteid matter as an occurrence connected with the operations of life. 
It is noticeable that starch, cellulose, glycogen, &c., are deposited in 
the interior of the living cells of growing parts without having pre- 
existed as such. There is no doubt, it may be considered, that they 
are derived froni sugar conveyed to the part in the juices of the plant. 
It is possible, it must bo admitted, that they may take origin by direct 
transmutation of this sugar through an influence eierted upon it by 
living protoplasm, bat it has been suggested as moiv pi'obable that 
their pi'oduction is the result of changes in the protoplasm itself. 
Sachs, after contending that the processes of primary stai'ch forma- 
tion by the chlorophyll corpuscles and secondaiy stavoh deposition by 
the protoplasmic starch- forming corpnsclea from pre-existing sugar 
ai-e carried out in essentially the same way, writes as folliiws" with 
reference to the former: — "It is, indeed, not impossible that certain 
more immediate constitnents of the green plasma itself t^ke part in 
• Lot:- dt., pp. 317—318. 
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thu procesB — that decompOHitiotiH tmd aubstitntions, for tsxatuplo, 
take place in the molecules of ihe green protoplasm. This posBibility 
obtains Bome probability imm the observation that iu man; (not all) 
CflseB the ehlorophjll substance gradually decreases in quantity and 
at length disappears entirely, while the starch-grains are growing in 
it." . . . "I hold it as probable that in this process the proteid 
sabfltanceof the assimilating chlorophyll itself co-operates and nndei'- 
goes a change." 

The purport of what is heit said is that proteid plays a partici- 
pating part in the piucess of deposition of carbohydrate as fabric and as 
store material — cellnlose, starch, &c. It is true, the grounds of reason- 
ing, as yet within our reach, do not supply the tangible evidence of the 
splitting off of cai-bohydrate from proteid matter by disruptive meta- 
bolism that is supplied of its euti'y by the exei-cise of constructive 
metabolism. Viewing all the circumstances, however, it is pardon- 
able to surmise that the one stands as a natural corollary to ihe other, 
Carbohydrate is a co-operating factor in the construction of proteid. 
It is deposited iu a foi'm diffci-ent fi-om that in which it reaches the 
seat of deposition — a form, even, which may be said to present a 
semblance of oi-gauised sti-Qctai'e, and it is nndoubtedly through the 
agency, and only throegh the ngency, of proteid as living pi-otoplasm 
that the deposition is effected. 

With all this, the discovery, aiTived at qnite independently by 
analytical manipulation, of the glucoside constitation of proteid 
matter agrees, and even might naturally be expected to follow. It 
supplies just the link that is wanted to fit in with the other links 
and complete the chain. 

Under the view set forth, proteid matter, through its glucoside con- 
stitution, becomes of functional import in a manner, and to an extent, 
not hitherto definitely thought of. That its carbohydrate should be 
BUHceptible of cleaving off under exposure to certain iuflnences (it 
may be considered that ferment agency constitutes one of them) is 
only iu avcord with the condition that is known to exist in the case 
of other glucosides. 

The cellulose, starch, &u,, deposited aa above represented, are is a 
lower state of hydration than the sugar reaching the seat of the 
deposition. The position may or may not be analogons, but in any 
case it is an interesting cii-cumstance that the carbohydrate derivable 
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from artificial glucosides is, as I have previously stated (p. 53), 
similarly of a less hydrated form than the sugar employed iu their 
eoDsti'uction. 

These cousidei^ations, drawn from vegetable physiology, will "be 
found later on to render service in studying the relations of carbo- 
hydrate matter in the animal system. 



DKSCKll'TlON l)F ANALYTICAL STEPS OF PROCEDURE. 



A iiEHCBllTloN ruqiiii-ca now to bo givon of tho inetliods which ei- 
periumrii kIiiiwm to bu iiouuSMary for effecting the i-ecoguition and 
satimiLtiiin of tho iliffortint oai'bohyd rates which may bo present in 
Mtimiil pi'diluotit, It is uhvlous that thege pi'odauts are, withoat pre- 
paration, not ill a lit Ht-iitu for exataiuatton, and before any test« can 
bo applio'l, it is necoasitry to obtain suitable liquids for the purpose. 
Thin prolimiaary troatniotit munt be conducted in anch a manner as 
tu bo utmttondod with adeatructiou of carbohydrate, oi- with a change 
in tho iintm-u uf tho carbohydrate beyond such intentional change as 
convemiuii into glueoHe. 

Whuru it is simply required to detect the presence of eup^ar, with- 
out rofGrunce to its natui-e and amount, a proccsa of aqueous extrac- 
tion may bo rusorted to for obtaining a liquid for testing. Thas, for 
injitiineu, by boiling the pixtdnot with a sufficient quantity of sodium 
■ulphiito urystiils or by boiling after exact neutralisation with acetic 
avid, tho colouring and atbaminous matters ai'e completely separated, 
and a, perfectly oleai: and colourless liquid containing the sugar U 
obtained. 

This method is an excellent one for puiposea of qualitative testing, 
but it Ih inappropriate for use where it is required to ascertain the 
natnro and (nnless the nature is pt-evionaly known) the araonnt of 
the sugar oxiating. For obtaining this information it is necessary to 
doterniiiie the cupric oxido reducing power of tho product in its 
initial state, and again after subjection to the glucose -forming 
inHuetiuu of salphnric acid. With an aqueous extraction, figures 
dne to tho presence of carbohydrate matter other than sugar would 
be givon after treatment with sulphuric acid, and error would thas 
be introduced into tho result. On this account an agent like aloohol, 
which takes up sugar but not the other carhohydi'ate matter, must, as 
will bo presently more paiiicnlarly mentioned, be employed for tho 
purpose of extraction. If the material present is known to consist 
of glucose or any other particular form of sugar, a simple deter- 
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mination of itM caprie oside I'edacing power, wiLliout the employment 
of acid, will saSice for ascertaining ita amount; and tlie sodium snlph.- 
ate metiiod, aa affording an easier and more apcedy proceBf, miiy then 
be made nse of for obtaining a liquid for qnantitative examination. 
The following is a description of the procedure in this case to be 
adopted, where blood, taken as an example, is the product dealt with. 
About 40 gi'ams of sulphate of soda in small crystals are weighed 
out in a bt'aker or capsule. About 20 c.o. of the blood intended for 
analy.sia are then poured upon the crystals, and the beaker and its con- 
tents again weighed. In this manner the weight of the blood taken is 
ascertained. The blood and crystals are well atiri'ed together with a 
glass rod, and about 30 c,c. of a hot concentrated solution of sulphate 
of soda added. The vessel is placed over a flame guarded by wire 
gauze, and the contents heated till a thoroughly foi-raed coagulnm is 
Keen to be suspended in a clear, colourless liquid, to attain which 
actual boiling for a short time is required. The liquid is next to be 
separated fropi the coagnlum. This is done by straining through a 
piece of muslin resting in a funnel. Some of the hot concentrated 
solution of sodium sulphate is then poured on the coagulnm, well 
stiiTcd up with it, and the whole thrown on the piece of muslin. 
The coagulum is squeezed, and, to secure that no sugar is left behind, 
is returned to the beaker, and the process of washing and squeezing 
repeated. 

The somewhat tarbid liquid is next thoi-onghly boiled, and then 
filtered through filter paper, when a perfectly clear filtrate is 
obtained. The washing of the beaker and filter with the hot concen- 
trated solution of sodium sulphate completes the pi'oceas of pre- 
paration. The liquid yielded is in an excellent condition for the 
quantitative determination of the sugar, by either of the methods, 
gravimetric op volumetric, presently to be described. 

The pi'ocesa, as I have already stated, is only suitable foi' applica- 
tion where the nature of the sugar present is known. Where its 
nature is not known, a single determination, ou account of the dif- 
ferent degrees of cupric oxide redu p p sossed by the 
various sugars, suffices only to reveal th am t f educing power 
belonging to the product, there being th ng t 1 w whether this 
is representative of a certain amount of ^,1 u) e a larger quantity 
of some bjdy or holies of lower cupric I d power. 
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To iicquire information reg&i-ding tlie nature of the material, a 
luothod of estraution muHt be I'esoited to which will admit of the 
HUgai- being obtained free from admixtnre with other caibohydrato 
mattei' (glycogen, &c.). By means of alcohol the desired sepai-ation 
is effected, the sugui' being taken up iu eolation, whilst the other 
ORrbohydrate matter remains in the coapnlaled residue. The exti-aeted 
cai'bohydrato being Bubsequently subjected io the converting influence 
uf sulphuric acid, the determination of its cnpvic oxide reducing 
power, both before nud after this treatment, aifoi-ds an insight into 
the nature uf the sugar present. If the two results uoiucido, the 
csietenee of glucose is indicated. If the figures yielded by the first 
determination ai-e lower than those given by the second, it is indicative 
uf the existence of a body or mixture of bodies uf lower cupric oxide 
reducing power than glucose. 

A single detorniination of oupric oxide reducing power is thna of 
no actual value, nulesa the particular form of sugar pi-eaent is known. 
A failure Io grasp the importance of this fact is calculated tu lead to 
more or leas extensive error in estimating i[uantitieti of carbohydrates. 
Maltose, for instance, has a reducing power of only 61 as compared 
with tlmt of glucose taken at 100. Repi-esentative solutions, thei-eforc, 
containing I'espectively (31 parts by weight of glucose and 100 parts of 
maltose, would exert precisely the same cupi'ic oxide reducing effect, 
and would appear, as the ueault of a single determination, to contain 
equal amounts of carbohydrate. If each, however, were then boiled 
with dilate sulphuric acid and again examined, the results obtained 
would be widely diflei-ent, that from the glucose- containing liquid 
I'omaining as before, whilst the figures yielded by the other would 
show a proportional advance of from 61 to 100. Tn the case of a low 
reducing mixture of maltose and dextrin, such as results in the early 
stages of the tranaforraation of starch and glycogen, the en-or arising 
from reliance on a single determination of the cupric oxide reducing 
action would be considembly greater, and would, thei'efore, lead to 
the carbohydrate being estimated at a mere fraction of the amount 
actually present. 

The details of the process of sugar extraction by means of alcohol, 
and the subsequent treatment of the residue for the collection and 
catimalion of the carbohydrate, other than sugar, obtainable in the 
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examination, for instance, of WnnH, which wnn tnVen as an oxamplp 
before, are us foUowa : — 

Abont 30 graraH of de fibrin ated blood are poared into abont 4tlO c,c. 
of iilcohol. Cave niuKt be taken that the spirit employed ia free 
from impregnation with anything capable of snbeecinently exerting a 
onpric oxide reducing action. Ordinary methylated spirit may be 
nsed if it has been previonsly redistilled. If any donbt is felt as to 
its character, a control experiment may Ijo performed with a portion 
ot spirit to which blood has not been added. 

The sngar present in the blood paases into solntion in the alcohol. 
It is held, however, very tenaciously by the coagnlated matter, and 
ifqnirea to be carefully extrncted from it by repeated washing and 
The blood and spiril. are well stirred together, and it ap- 
peal's to bo of advantage towards obtaining as slightly coloured a 
prodncta."! posaible for anbaequent testing to allow the mixture to 
stand until the following day. After being exposed for a time to tho 
heat of a water-bath, for the purpose of promoting the agglomera- 
tion of the pvccipifnte, the alcohol is strained off through muslin 
which has been pi-evionsly deprived by thorough washing with boil- 
ing water of its dressing of starchy matter. Washing with alcohol 
irmed, and the coagnlum in the muslin is subjected fo forcible 
squeezing in a suitable press. The residue, which by this process is 
converted into a dry cake, is pulverised in a mortar, mixed with fresh 
spirit, boiled over the water-bath, and again sti-ained and pressed. 
The process is repeated once moi-e. After this third extraction, the 
residue may be considered to be fi-ee from sngai', an aqueous extract 
failing to exert any cupric oxide reducing action. 

Two extnictions with alohol might prove sufficient, if corefnily 
made, but it is safer to use three. After the first extraction, there 
ifi evidence that a considerable quantity of sugar still clings to the 
ccigulum. This ia rendered apparent by the following reanlta of 
actual observation. Upon one occasion 50 e.c. of sheep's blood wore 
extracted with alcohol : the firat extract contained 0015 gram of 
glucose, the second 0-004 gram, and the third no definite amount. 
Again, some sugar from diabetic urine was added to sheep's blood, 
and 50 c.c. were taken : the lirst alcoholic extract was found to con- 
tain O'Hi gram of glucose, tho second 0009 gram, and the third 
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notliinfr definitp. Tlieso osampleN sniEce to show tlie necessily of 
ftt'tention being given to secure complete extraction of tlie Htigar. 

The three alcoholic extraeta, incoi-porated together, ore now acidified 
with acetic iicid, then heatrd to near the boiling point over the water- 
bath, and finally filtered through ordinary filter-paper. WhilRt the 
residne on the filter ia reaervod to be Habseqnently dealt with in con- 
innction with the bnik of residne piTvionsly collected, the filtrate ia 
evaporated nearly to dryness on the water-bath, and thou briskly 
boiled with a few cryBtals of snlphate of soda or a few c.c. of its 
flatnrated Holntion, for the pni-pose of canaing the colonring and fatty 
matters to agglomerate so as to be easily removed by filtration. The 
liqnid is filtered off, and, to avoid the inconvenience of the cryatallisa- 
tinn that may take place when a filter-paper is used, it is found ad- 
vantagooUH to have recourse to filtmtion through a plug of glaaa- 
wooJ, Tho beaker and filter are then washed with the hot solution of 
sulphate of soda. Attention, it may be stated, should be given to 
secure that the sulphate of soda employed is free from any admixture 
of carbonate, as this impurity may vitiate the result by exerting, 
through itfl alkalinity, a de.structive inlluence upon the sugar, besidea 
leading to the production of a more coloured liquid for testing. 

The filtrate obtained presents the product of alcoholic extraction 
in a suitable form for the quantitative determination of tho sugar. It 
is made up with water to a known volume — conveniently to 100 c.c. — 
and then divided into two equal portions. One portion is at once 
examined, and its cupric oxide redacing power ascertained. The 
other is submitted, after the addition of sulphuric acid to the extent 
of 2 per cent., to appropriate treatment for the conversion of the 
carbohydrate matter present into glucose. Another determination of 
cupric oxide reducing power is subsequently conducted, in order that 
a comparison may bo made between the two. As a pi-eliminary step, 
however, the neutralisation of the sulpiinric acid that has been used 
requires to be effected. For this purpose a strong solution of caustic 
potash is employed, and, since hot potoah rapidly destroys glucose, the 
liquid product must first be thoroughly cooled, and precaution taken 
to add the potash slowly ao as to avoid any marked rise of tempera- 
ture. The liquid is then brought up with water to a given balk and 
filtered through a dry filter. It frequently happens that more or less 
colour appears as the resnit of neutralisntion, and somctimeK, after 
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stending, a certain amount of coloured matter separates ont, leaving, 
on filtration, tlie liquid in a much better condition for esaraination. 

By treatment of the congnlated residne from the alcoholic ex- 
traction, the carbohjdrate other than sugar — carbohydrate of an 
amyloHe nature — is obtained, and the process to be adopted is the 
same as that resorted to for obtaining and estimating the glj-cogen 
of the liver, viz., dissolving hy menus of potash, pouring into spirit, 
collecting the precipitate, and subjecting it to the inverting action of 
sulphuric acid. 

The residue is placed in a flask together with 50 o.o. of a 10 per 
cent, solution of potash. It ia important that the material should 
have been as thoroughly as possible reduced to a minute state of 
subdivision, in order to secure that none of the nitrogenous matter 
escapes the action of the potash and remains in a state to give vise, 
after the subsequent treatment with acid for conversion into glucose, 
to the biuret i-eaction when submitted to titration with the copper 
solntion. It ia of advantage to allow tiie mixture to stand for 
twenty-foTir hours in the cold, as greater security ia thus given of 
complete solntion being effected by the thirty minutes' boiling subse- 
quently resorted to. 

To prevent concentration, through evaporation, of the potash solu- 
tion, and the possible destruction of the carbohydrate in the process 
of boiling, the operation should be performed in a flask fitted to an 
inverted condenser, and, in order to escape fi'om the inconvenience 
arising from the frothing which not unfrequently occurs, a, large- 
sized flask is required. 

The 50 CO. of liquid are now poured into abont 500 c.c. of spirit to 
separate and precipitate the carbohydrate present. With a smaller 
proportional amount of spirit, a risk is incurred of the precipitation 
being incomplete. By setting the beaker aside until the following 
day, the thorough settlement of the precipitate is promoted, and in 
this way the subsequent process of separation by filtration facilitated. 

For filtration, a plug of glass-wool should preferably be used. 
With the employment of filter paper, whieh is not only constitnted 
of cellulose, but is, moreover, sometimes found to contain starch, a 
risk of error is incurred throagh the possibility of glucose-forming 
matter being inti-oduced in the subsequent removal, or wa.shing off, of 
the precipitate. 
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The precipitate on the glass-wool is next thoroughly washed with 
spirit, and the glass-wool plug then turned into the beaker, and the 
funnel washed with a little hot water. If much water should have 
been required for washing off the precipitate, evaporation should be 
resorted to to bring the bulk down to about 50 c.c. The product, 
after its transference to a suitable-sized flask, and the addition of 
snlphuric acid to the extent of 2 per cent., is submitted to the action 
of heat, according to the directions given further on, for effecting 
conversion into a cupric oxide reducing sugar. 

A certain amount of undissolved black matter is usually after- 
wards noticeable, and it is advisable that this should be separated by 
filtration, before proceeding to neutralisation. Otherwise, it may be 
taken up by the potash employed, and interfere with subsequent 
titration by giving a more deeply coloured product. The filter used 
should be small enough to admit of being thoroughly washed with- 
out unduly increasing the bulk of the liquid. The acid is then 
neutralised with potash, cautiously added. This leads to a further 
separation of matter in the form of a dark-coloured, and sometimes 
bulky, sediment, which should be removed by filtration through a dry 
filter after the liquid has been made up with water to a definite 
volume. 

The amount of glucose present is now determined by titration with 
the ammoniated cupric test, and the result may be either represented 
as carbohydrate expressed as glucose or brought by calculation 
into glycogen — amylose carbohydrate — figures. The equivalents of 
glucose and the amylose group of carbohydrates corresponding with 
their accepted formulae — CeHijOe and CeHioOs — are respectively 180 
jind 162, giving the fraction 162/180, or 0*9, as the multiplier for the 
conversion of glucose figures into glycogen figures. 

Such is the method of dealing with a fluid animal product like 
blood. If a solid organ or tissue, such as liver, muscle, &c., is being 
examined, it is first thoroughly pounded in a mortar, or otherwise 
minutely divided, and a weighed portion placed in a relatively large 
quantity of alcohol and well stirred up. After standing for twenty- 
four hours, the alcohol is strained off through muslin, the residue is 
pressed, and the extraction and pressing twice repeated in the 
manner already described. By this process, the sugar present is 
thoroughly extracted, and separated from the other carbohydrate 
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matter, which remains behind in the reeidae. The alcobolio extract 
and the i-esidae are then treated as in the case of blood, for proonrmg 
suitable products for esaminatiou. 

Until recent iuvestigatiou taught me othei-wise, I waa under the 
impression that the carbohydrate matter obtained by treatment of 
the residue with potash consisted simply of glycogen. Where 
glycogen is present, aa in the case of the liver, muacle, and cerfain 
other oonstituenta of the organism, it enters, it is true, to a greater or 
less extent into the result; bnt, as I have shown when speaking of 
the glucoaide constitution of proteid matter, the effect of the action 
of potash upon proteid is to split off from it eai'bohydrate mateiial, 
which passes with the glycogen that may be present, and which, 
when none is present, I formerly took erroneously to be glycogen. 

The carbohydrate of proteid origin, as I have previously men- 
tioned (pp. 36, 37), offers much greater resistance than glycogen to 
the converting action of sulphuric acid. The 2 per cent, strength of 
acid, which suffices readily to carry glycogen fully into glucose, fails 
with the body in question to do more than give it about half the 
amount of cupric oxide reducing power that is given to it by acid 
of 10 per cent, strength, and even with acid of this latter strength I 
consider it doubtful whether complete conversion into glncose ia 
effected. It hence happens, in the case of this cleavage carbohydrate, 
that if the reckoning be applied to it that is applicable in the case of 
glycogen, an under- estimation of material will result to the extent of 
about half or, it may be, even more. 

A difficulty is obvionsly created by this cleavage carbohydrate in 
the estimation of glycogen as a constituent of the components of the 
body. As, however, the amount of the cleavage material, given after 
the employment of 2 per cent, sulphuric acid as representing glucose, 
may be computed to stand at not more than about 2 or 3 per 1000 of 
the fresh tissue examined, it may be considered that where glycogen 
ia present to any significant extent, aa may be looked for to be the 
case with the liver and some other strttcturea, the error introduced 
does not amount to anything of consequence. 

A point of paramount importance, in connexion with the employ- 
ment of sulphuric acid for conversion of glycogen, maltose, &«., into 
glncose, is the necessity of attention being given to secure that 
the suiphniic acid added remaius as free acid in the solutiou, and is 
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not appropriated in neutralising an alkali, or in displacing a weaker 
acid, as where acetic or citric acid has been used and afterwards neu- 
tralised in some earlier stage of the process. 

As regards the length of time to be employed For conversion, it 
may be stated that in operating upon starch, glycogen, dextrin, or 
maltose, it is advisable, in order to be quite safe that full conversion 
has taken place, to boil for an hour and a half, though probably a 
shorter time may in reality suffice. An inverted condenser must be 
used to avoid concentration of the acid liquid, and thereby risk of 
destruction of the product. 

The following observations may be introduced to show the extent 
of transformation met with after boiling with 2 per cent, acid for 
successive lengths of time. 

A decoction of starch boiled with sulphuric acid (2 per cent, strength) 
with the employment of the inverted condenser, and 10 ex. removed and 
analysed at the undermentioned periods : — 



Cupric oxide reducing power, 

expressed as glucose. 

* _« 



At the end of Obs. 1. 

i hour '. 0*200 gram. 

i „ 0-380 

f „ 0-620 

1 „ 0-660 

li „ 0-660 

2 „ 0-666 

3 0-660 



n 



Obs. 2. 
0-140 gram, 
0-248 
0*264 
0-328 
0-360 
0-350 
0-360 



A solution of maltose, derived from the action of saliva upon sta/rch, 
similarly boiled with sulphuric a^id, and 10 ex, removed and analysed 
at the undermentioned periods : — 

Cupric oxide reducing power, 
At the end of expressed as glucose. 
6 minutes 0*026 gram. 



10 
15 
30 
45 



>> 



»» 



99 



» 



0031 
0-031 
0034 
0-041 



1 hour 0041 

0041 



li 



» 



» 



»» 



>> 



« 



»> 
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On looking at the above reanlta, it ia obeervable that in the laat 
experiment cunverBion was comp!et«lj effected witbin thi'ee-quartei'B 
of an honr, whilst in the first two a longer time elapsed before the 
oomplete change was found to have occnrred. 

With exposure to a higher temperatnre, a comparatively short time 
suffices for the complete conversion of starch, glycogen, &c., into 
glucose. Taking advantage of tliis fact, 1 am in the habit of neing an 
antoclave — a boiler constructed foi' the application of beat under 
presHure. When nsed foi' the purpope n^feired to, it is set at » 
pressure equivalent to five atmoaphercB, which gives a temperature of 
aboQt loO" C. (300" F.). At this point, the conversion into glucose is 
accomplished within about a qaai-ter of an hour. It is reliably 
secured by half an hour, which is the length of time I consider it 
advisable to allow. 

It is requisite to mention that the presence of aodiam snlphatfi 
interferes with the inverting action of the acid when the proceaa is 
conducted under ordinary atmospheric pressure, and that error may 
thus arise where tlie inverted condenser is used. Under the higher 
pressure, however, at which tbe autoclave ia worked, this interference 
is not, as far as I have perceived, exerted in such a manner as to be 
noticeable. 

In the case of lactose, one hour suffices for complete conversion 
into glucose, and may he taken as the time to be allowed. The in- 
verted condenser must be employed, to prevent concentration by 
evaporation. The use of the antoclave is inadmissible, on account ot 
its leading to the development of colour in the product. 

With cane sugar, invei-sion is accomplished within a few minutes. 
On account, however, of the charring action exerted by sulphuric 
Hicid upon cane sugai', citric acid is a preferable agent to nse for its 
inversion. This acid ia equally efficacious for the purpose reqoii'cd, 
and its employment is not attended witb the risk of any destruction 
of carbohydrate. Boiling for seven minutes with a citric acid solu- 
tion of 2 per cent, sti'ength amply suffices for securing full conversion 
into glucose. The opeiation may be conveniently performed in a small 
open flask, the employment of an inverted condenser being unneces- 
sary. 

On accoDut of the greater proneness of cane sngar and its deriva- 
tive invert sugai" to undei'go destrnction by the action of suiphuric 



ANALYTICAL STEPS OF PHOCKDUKK. 



acid than other ciarboh yd rates, the nse of the antoclavo should bo 
avoided where the prcBeuce of these Bogars is suspected. 

Qiialilatioe <ind QiianlUalive Testing. 

Having doecribod tho proceasew by which the carbohydrates e»int- 
ing in animal pi-odncts are separated from other matters and prepared 
for tho application of testing, I have next to deal with the manner in 
which the process of testing is conducted. 

The copper test, based ou the power poHBoesed by glucose and some 
other sugars of reducing cupric oxide (CuO) to the state of cuprous 
Glide (CuiO), affords, I consider, by far tho most eoitablo means of 
obtoining tho infoi-mation doaired, whether of a qualitative or quanti- 
tative iiataro. 

The form of copper solution ordinarily employed is a liquid in 
which cupric oxide is held in solution by alkali through the infiuence 
of an alkaline tartrate. Tho test perhaps in most general use is the 
liquid known as Fehling's solution, which has the following com- 
position :— 

FeUmg\ Solution. 

Cupiic sulphate 34'65 gran: 

PotaBsie sodic tartrate (Bochelle salt) 173'00 „ 
Oaostio soda solution (sp. gr. M200) 600-00 c.c. 
Distilled water to 1 litre. 

Fehling's solution is, in my opinion, improved by using a larger 
proportion of alkali than that commonly employed. Thus modified, 
it is moro stable and less Uablo to give rise to fallacious indications 
by undergoing spontaneous reduction on boiling, I am accustomed 
also, on grounds of eonvenionco, to uso potash instead of soda. The 
following is the composition of tho liquid I employ r — 

Modified FehUng'e Solution. 

Guprio sulphate 3465 grams. 

Potassio Bodic tartrate (Bochelle salt) 170'00 „ 

Caustic potash 170-00 „ 

Distilled wat«r to 1 litre. 

It is necesBary to bear in miud that these cupric solutions, tho 
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latter, however, leaa readily than the former, andergo, on keeping for 
some time, especially under exposure to light, change of anoh a 
natarc as to lead to the Bponta&eons deposition of some suboxide, and 
lo the deposition of more on boiling. When in a state thua to give 
rise to the appearance of suboxide precipitate on boiling, the liquid 
may be restored for a while to its former condition by the addition of 
alkali. 

Due attention must needs be given to the soorae of fallacy here 
presented, and when this is done the test may be regarded as an 
exceedingly valuable one for the recognition of sugar. 

The test may also be made use of for quantitative purposes, and be 
thus applied either gravimetrically or volumetrically. Its employ- 
ment for gravimetric determination is based on the fact that five 
molecules of cupric oxide are reduced by one molecule of glucose | 
and, for volumetric determination, on the fact that the amount of 
cupric oxide contained in 10 c,c. of the liquid is just reduced by 
0-050 gram of glucose. 

For the gravimetric process, the product to be examined is boiled 
witli an oxceRs of the capiuc solution. In the case of blood, &c., the 
preparation of the prodact may be conducted by the sodium sulphate 
method described at p. 59. After full reduction has taken place, 
the cuprous oiide is collected and may be weighed as such, and the 
sugar calculated upon the basis of one molecule of glucose for every 
five molecules of cuprons oxide obtained. 

A better method, on account of its extreme delicacy and precision 
of dealing with the precipitated saboside, consists in dissolving it in 
nitric acid and then submitting the solution to galvanic action in such 
A manner as to occasion the deposition of the whole of the copper in 
a pure metallic state upon a weighed cylinder of platinum foil. The 
weigbt of the copper is thna readily ascertained and the required 
calculation made. Tbia process, which I at one time employed when 
engaged upon a aeries of comparative observationa on the amount of 
sugai' existing in blood taken from different parta of the system, is 
described in detail in a communication preaeuted by me to the Royal 
Society in 1877, and contained in the ' Proceedinga ' for that year 
(Vol. 26, p. 314). The results which will be inti-oduced later oa will 
afford evidence of the exaetnesH of l,lic process as a means of sugar 
estimation. 
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Holding the positicin it does, aa regards reliability, the eleoti-o- 
gravimetric process is not only of intrinsic value for the parpoae of 
qnantitative analysis, but niay be considered to poRsess additional 
value ns a meana of gnnging the accuracy of other testft. It in, how- 
ever, a lengthy and, it must be said, a tedious process, and is, on this 
aooonnt, not well adapted for ordinary employment. 

The estimation of sugar gray i metrically through the copper test, 
by whatever method conducted, is open to the important aouree of 
fallacy that if ammonia (whether free or in combination), or a nitro- 
genous product "Apahle of developing it dnring the process of boiling 
with the fixed alkali of the test, is present, ei-ror will neceaaarily 
follow, in consequence of the solvent action it exerls upon the eapronn 
oxide, and its effect in thereby leading to more or lens of this product 
^1 OBcapiog deposition and thus failing to appear in the resnlt obtained. 

^H It may be assumed, in the ease of the liver, that this in reality occors, 

^H for the figures yielded by the method are ao ahaolntoly insignifioaut 

^H and BO inconsistently low, compared with those obtained in other 

^^M ■ways, that it is evident they cannot be correct. With blood, in a 

^^M fresh state, I have no reason to think that any such soui'ce of fallacy 

^H exists. Indeed, the evidence that is presented points to the contrary. 

^^M In the vohtmetric method, the estimation is effected by noting the 

^^P fading and loss of the bine ooloar of the test Rolntion, as the oonver- 

^H sion oF its cupric oxide into cuprouR oxide takes place. The method 

^H is a much more expeditious one than the gravimetric, and ie not 

^H influenced detrimentally by the presence of ammonia. The reckoning 

^H is based upon the cnpric oxide contained in 10 c.c. being jnst reduced 

^H by O'OSO gram of glucose, which is equivalent to saying that the blue 

^^ft coloar belonging to 10 c.c. of the solution ia jnst removed by 0'050 

^^M gi-am of glucose. Theoretically, there ia nothing to be said against 

^H this process; but, practically, it is found that ita application ia attended 

^H with the disadvantage of the reduced oxide interfering, by reraaiaing 

^H nnspended in the liquid, with the accurate recognition of the terminal 

^H point of reduction. For purposes where minute accuracy is not 

^H essential, a sufficiently approximate result can be obtained, bnt for 

^^P pliy Biological purposes, and in other caaea where great precision is 

^^m required, the process is nnsnited for employment. 
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Quaa/ilative De(errn.inati(m of Sugar by llie Ammoniated Cupria Tfst. 

A teat which I introduced about fifteea years ago, and of which a 
daily experience during the whole of this period enables me to apeak 
with confidence, is not open to the objection above alluded to, and has, 
moreover, special advantages in other respectB, rendering it eminently 
valuable as an agent foi- sugar estimation. I refer to the ammoniatcd 
cupric test, the principle of action of which is that through the 
presence of ammonia the cuprous oxide foraied by the reducing 
influence of sugar is held in solution in a colourless state, instead of 
appearing as a coloured deposit. The progress of the reduction is 
thus att-ended with a simple fading of eolour, unobscnred through- 
out, and DO difficulty is esperienced in rect^nising precisely when 
the terminal point ia attained. 

The ammonia present in the liquid, whilst holding in solntion the 
vednced oside of copper, does not interfere with the process of reduc- 
tion. It is incidentally advantageous in deepening the colour of the 
cnpric solution, and thereby inci'easing the defining capacity of the 
tost, which is proportional to the range of colour passed through. 
Further— and this is a point of great importance— ammonia confers 
upon the solution a perfect self -preservative power, the conditions 
being snch that so loog as any air is in contact with the finid, the 
copper is of necessity kept in a fully oxidised state, and prevented 
from undergoing deposition. 

The test is an exceedingly delicate one, and is further recom- 
mended by its readiness and apeediness of application. It possesses, 
indeed, all the delicacy and reliability of the electro -gravimetric 
process, together witli more general applicability, and infinitely 
greater facility for use. When the two processes are applied side 
by side, the resnlts yielded are foand to stand in the closest agree- 
ment. It is not too much to say that without the assistance of the 
ammoniated cnpric tost I could not have obtained the information 
which stands at the foundation of this work. 

The following is a description of the mode of preparation of fcho 
test liquid, with partionlara regarding its position in relation to 
cupric oxide reduction and sugar oxidation. 

I originally directed that the ammoniated cupric test should be 
prcpai-ed from Fcliling's solution, by adding to 101 c.c, of it .'!0f) c.e. 
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iiid 600 CO, of diatilled water ; and, in operating with the 
liquid, I at first took it for granted that the same relation existed 
between the amoant of oxide of ooppei- reduced and that of sugar 
osidiHcd, as under tlie employment of the copper teat of the ordinary, 
or non-ammoniated, kind, namely, that five molecules of oxide of 
copper were reduced by one molecule of glucose. The liquid made 
in thifl way oontained one-tenth of Febling's solution, and if it com- 
ported itself in the same manner as the latter, 10 c.c. of it would 
stand equivalent to 0'005 g'ram of glucose. In working with it, the 
results obtained stood in harmonious relation with each other, but 
when checked by trying it with liquids containing known quantities 
of sugar it was found that tlio fignMB given were iovariably too 
high. At first, I was at a loss to account for this result, but subse- 
quent observation showed that in the case of the ammgniated liquid 
BIX molecules of cnpric oxide, instead of only five as with Fehling's 
Holiitiou, are reduced by one molecitlo of sugar. When the reckoning 
was made npon this basis, the I'esults exactly corresponded with the 
actual amounta of sugar known to be present. Moreover, with 
liquids containing glncose, examined comparatively with Fehling's 
solation and the ammoniated capric test containing one-tenth of 
Fehling's solation, the results stood exactly in accord, under the 
reckoning that five molecules of cnpric oxide in the one case and 
six moleoales in the other were reduced by one moleonle of 
glnoo.c. 

It was farther revealed, in the course of the enquiry conducted, 
that, with the liquid prepared as above from Fehling's solution, the 
result of titration was to some extent dependent upon the manner in 
which the product was dropped in from the burette. When the 
rate of dropping was such as not to involve a prolonged period of 
boiling, a correct result was obtained, but when the operation was 
more fllowly performed, evidence was afforded of the occurrence of a 
certain amount of spontaneous reduction. This is comprehensible 
from the behaviour of Fehling's solution itself. When in a fresh and 
not over-dilute state, it does not, even on prolonged boiling, show 
any sign of the occurrence o£ reduction, but if brought to a very 
dilute state, it undergoes, on ebullition, spontaneous change attended 
with a deposition of suboxide. The ammoniated liquid as compared 
with Fehling's solution presents considerate dilution. It is, there- 
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fore, not Bui'priaing ttat it Bfaoald be unable to resist the influence 
at nndaly prolonged ebnllition witbout undergoing apontaneoaa 
change. 

Ill exporiiuenting witb the teat, it waa fonnd that the addition of 
fised alkali to the extent of 1 gram of potash for every 20 c.c. had the 
effect of removing the instability referred to, and of giving to the liquid 
the power of reaiating the tendency to spontaneoua i-ednction under 
exposnre to a prolonged period of boiling. Further inceatigation 
showed that a great excess of fised alkali, aach, for instance, as resulted 
from the addition of 5 grams of potash for every 20 c.c, modified 
the character of the liquid, and brought it into the same position aa 
the ordinary copper aolntion, in relation to the number of molecules 
of cnprie oiide reduced by one molecule of angar ; in other words, 
that whilst Ihe addition of potash in the proportion of 1 gram for 
every 20 c.c, and aomowhat over this, did not modify the character 
of the liquid in relation to extent of reduction occurring, the addi- 
tion of 5 grama to the 20 c.c, so far altered the behaviour of the test 
that five molecules only of cupric oxide, instead of six, were reduced 
by one molecule of glucose. With the addition of potash in quanti- 
ties somewhat under this, the amount of onprie oside reduced by 
one molecule of glucose was fonnd to stand between the five and the 

To bring the ammoniated copper liquid into a position to repre- 
sent an exact tenth of the sngar-value of Fehling's solution, the pro- 
portion of copper reqaires to bo increased so aa to give sis moleculea 
against five. When this has been done, as by taking 120 c.c. of 
Pehling'a solution instead of 100 for the litre of the ammoniated 
liquid, the resnlta obtained from titration coincide for the two 
liquids, and conform with those that are to be looked for when 
known quantities of sugar, determined by the balance, are employed. 

When Fehling's solution is used for the preparation of the am- 
moniated liquid, the required stability, without alteration of sugar- 
valne, ia given by doubling the amount of caustic soda present. With 
the modified Fehling's solution, the composition of which ia given at 
p. 68, and which, for all purposes, I consider a preferable liquid for 
use, the amount of fixed alkali is sufficient to meet what is wanted. 

No need esists, however, to prepare the ammoniated cupric teat 
from either of these solutions, and I never, now, hi 
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their employment for tlio purpose. I consider it better to proceed in 
a dii-ect way, and the following are the quantitiea to be nsed : — 



Amnwnialed Oapric Tent Solntton. (Pavy.) 

CryHtallinef) copper Bulphato 4'158 grams. 

Potassic Bodic tartrate (Hoohelle salt) .. 20'400 „ 

Canstic potush 20400 „ 

Strong ammonia solution (sp. gr. 0-880) 300 c.c. 
Distilled water to 1 litre. 

tn preparing the test, it is fonnd desirable to diflxolve the potash 
and Rochelle salt tofjether in a portion of the wnter, and the copper 
salphate aeparntely in another. The tatter requires the aid of heat 
for aolntion. Who'll completely dissolved, it is poured into the mix- 
ture of potash and Bochelle salt. 

After the mixed liqnids have cooled, the ammonia is added, and 
then a sufiicioncy of water to bring up the volume to a litre. 

In sugar- value, 10 c.c. of the liquid stand equiralent to O^OOS gram 
of glucose. 

Such is the theoi'etical sugar-value of the solution, from the copper 
present. For many purposes it may he nccepted as the actual value, 
but when security of clone accuracy is required the liquid should be 
standardised by means of a solution containing a known quantity by 
weight of sugar. This I am in the invariable habit of doing when 
the test is used in conducting physiological invosfcigittious. For the 
purpose, it is best to employ can e-sagar and to convert it into glucose 
by the agency of an acid. What is sold in the form of coarse colour- 
less crystals, nndor the name of "white crystal," and used par- 
ticularly for sweetening coffee, constitutes a very pure kind of cane- 
Bugar, and therefore an advantageous one to take. Tt should be 
reduced to a tine powder, and freed from adherent moisture by es- 
pOBure for a short time in a hot-air oven to a temperature near 
100° C. ("212° F.). Afterwards it may be kept over sulphuric acid in 
a desiccator, ready for ase at any time. A carefully weighed portion. 
Bay 0'250 gram, is subjected to inversion by boiling for seven 
miautos with 50 c.c. of 2 per cent, citric acid This acid in employed 
in preference to a mineral acid, to avoid any chance of destruction of 
Riigur. When cool, the aoid is neutralised with potaah, and the 
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volume made up with distilled water to 250 c.e. The liquid is sub- 
sequently titrated with the ammoniated solution, and the value of 
the test calculated from the result obtained. No disparity of any 
account should be found between the theoretical and the actual 
value. 

In the employment of the test solution, 10 c.c. and 5 c.c. are con- 
venient quantities to work with, and do not call for the use of any 
appliance to obviate the inconvenience arising from the evolved 
ammonia, such as I found to be necessary when I first introduced 
the test and used a larger quantity for operating with. By diluting 
the specimen to be examined, as much accuracy is attainable as with 
the employment of a larger amount of the test and a less dilute 
product. 

The apparatus best suited for the application of the test consists of 
a flask of about 150 c.c. capacity, through the cork of which passes a 
delivery tube from a Mohr's burette, for dropping in the product to 
be examined, and also an exit tube for the escape of air and steam. 
The burette is graduated into 20 c.c, each centimeter being divided 
into tenths, and is fixed in a suitable stand (vide accompanying 
photo- engraving). Instead of the spring clip commonly used to 
regulate the dropping of fluid, I employ a screw arrangement, by 
which the flow is susceptible of being regulated to a nicely. 



, STECS OF PttOCEDURK 




Tho product for examinntion linvinp been introdaccd into the 
burette, a little ia allowed to escape in order to free the delivery tube 
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from air-bubbles, after wLicli tbo height of the liquid is read oS and 
noted dowu. The 10 c,c. oi' 5 c.c. of teat liquid, or whatever quan- 
tity it is intended t-o employ, are then placed in the flask, and about 
20 c.c. of distilled watei" added to iucrenfie the hulk to a convenient 
extent for boiling to bo pei'formed. The flask is non' affixed to the 
cork belonging to the burette and allowed to bang suspended ovev 
the flame of a spirit lamp or Bunsen burner. To facilitate obaerva- 
tion of the progress of decoloration, a white background of opal glass 
is provided. When the content.a of the ilaak have well commenced 
to boil, the screw which governa the flow from the burette is turned 
BO as to permit the liquid to esoape by drops at the rate of about 
60 to 100 per minute, according to the effect produced upon the 
eoloup of the test. What is wanted is a gradually advancing decolora- 
tion until the contents of the flask are bi'ought to a perfectly colour- 
leas state. Towards the end, the dropping in has to be conducted 
more slowly than at first, so as to avoid going beyond the exact point 
required. When docoloration is complete, the flow is stopped. A 
reading of the level of the liqnid in the burette shows the aniount of 
the product which has been used in decolorising the 10 c.c. or 5 c.o. 
of tost solution; in otlier woi'ds, the amount which contains sugar 
equivalent in cupric oxide reducing power to O'OOo gram or 
0-0025 gram, as the case may be, of glucose. 

A basis is thus afforded for ascertaining the amount of sugar con- 
tained in the entire product, and, as the product represents the 
weighed material taken for eicaminatiou. calculation suffices to gire a. 
per cent, or per mille expression of the amount of sugar that was 
present. 

If, in conducting the analysis, the contents of the burette are 
dropped in too slowly and the boiling becomes prolonged, some sub- 
oxide may fall in consequence of the expulsion of the ammonia before 
the operation is completed. Should this occur, a fresh titration must 
be undertaken, and the contents of the burette dropped in a little 
more quickly. Any suboxide happening to have been deposited upon 
the surface of the flask in a previous titration promotes a more 
speedy deposition of suboxide than would otherwise occur. It must, 
therefore, be removed by a little nitric or other mineral acid before 
the flask is again used. 

The chief precautious to be observed in conducting a titration are 
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to avoid dropping in the liquid from the burette bo i-apid!y as to incur 
the risk of ruiining beyond the point requii'ed for decoloratiou, and, 
at the Bame time, not to di'op in so slowly as to lead to a deposition 
of suhoiide fi'om the expulsion of the ammouifl. The liquid should 
be kept steadily boiling, so that the upper part of the flaak may be 
continuously filled with vapour. An interruption of ebnllition would 
permit the entrance of air, and thereby some possible re-osidation of 
the reduced oxide, which would have to be again reduced before the 
end of the process, thus leading to a fallacious result. 

With everything oonyeniently at hand, a few minutes only are 
required for the performance of the process, from beginning' to end. 
To give precision to the analysis, at least two, and sometimes three 
or four, titrations are required to be conducted. If the tirst two 
titrations yield accordant results, they may be considered to suffioe. 
The fii-st titration, however, is obviously of a somewhat tentative 
nature, in the absence of any previous knowledge of the quantity of 
liquid that will be required to be dropped in from the burette. The 
titrations should be repeated until closely accordant results are ob- 
tained, the mean of which may be accepted as the final result. 

In first employing the test, the operator must bo prepared to find 
that a certain amount of practice is required to work with it satis- 
factorily. When, however, the requisite experience has been gained, 
no difficulty is met with in obtaining precise resultB. Proof is easily 
afforded of the precision of which the test is susceptible by examin- 
ing two liquids containing different amounts of sugar, and then 
mixing them in equal proportions and examining the mixture. The 
figui-es given by the latter, under experienced hands, and when the 
liquids used are in a good, colourless state, will be found to exactly, 
or almost exactly, coincide with the calculated mean drawn from the 
separate examinations previously conducted. 

As a fui-thor illustration of the precision attainable through the 
medium of the test, I may adduce a few results of duplicate analyses 
belonging to experiments recently conducted at the Examination Hall 
Research Laboratories for the pui'pose of extending and checking my 
foi-mer work. The i-esalts in question serve, it may be i-emarked, not 
only to illustrate what has been mentioned with regard to the test, 
but also to show the satisfactory position in which the analytical pro- 
cedure, taken iu its entirety, stands. 
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Dv/plicate Analyses with the employment of the Ammoniated Guprio Test- 

Sugar per 1000, expressed as 
glucose. 

Duplicates. 

I. Dog's blood from right ventricle — 

Before sulphuric acid 0-960 0*940 

After „ 0-920 0-937 

IL Dog's blood from portal vein — 

Before sulphuric acid 0977 0943 

After „ 1-100 1-070 

III. Dog's blood from portal vein — 

Before sulphuric acid 0968 0-897 

After „ 1-277 1*130 

IV. Dog's blood from portal vein— 

Before sulphuric acid 1823 1*723 

After „ 2-426 2187 

V. Babbit's blood from portal vein — 

Before sulphuric acid 1*575 1630 

After „ 2-085 2085 

VI. Babbit's muscle — 

Before sulphuric acid 2130 2-297 

After „ 3-640 3743 

VII. Babbit's muscle — 

Before sulphuric acid 2427 2570 

After „ 3-640 3493 

Evidence of a somev hat different nature is also adducible in sup- 
port of the validity of the results yielded by the process of analysis 
that has been described. Some years ago I subjected specimens of 
blood to examination by the electro-gravimetric process, and also by 
the ammoniated cupric volumetric process. The results obtained are 
recorded in the ' Proceedings of the Boyal Society ' for April, 1879, 
and, although the two processes for the determination of the sugar 
differ in principle, the one being dependent upon the deposition and 
collection of the suboxide of copper, and the other upon the reduc- 
tion being measured by the loss of blue colour accompanying the 
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transformation of the capric into cuprous oxide, the figures obtained, 
as will be seen by the subjoined table, present so close a general 
accord as to mutually confirm the trustworthiness of each other. 

Results from the Analysis of Blood by the Oravlmetric and the 
Ammoniated Gupric Volumetric Processes. 

Sugar per 1000, expressed as glucose. 

f ; ; * , 

G-rayimetric process. Ammoniated cupric 

Mean of two analyses. yolumetric process. 

I. Sheep 0-589 0-571 

II. Bullock 0-735 0-650 

III. Bullock 0-921 0-896 

IV. Sheep 0-533 0-567 

V. Bullock 0-511 0-559 

VI. Sheep 0*631 0650 
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PORTAL BLOOD. 



We have next, by the aid of the methods described in tho foregoing 
pages, to follow the main carbohydrates concerned in alimentation, 
from their introduction into tbe mouth to their pass^e, by absorption, 
into ike blood of tbe portal sjKtem, and see what changes occur. 
Attention will be given to them in the following order : — 

Starcb, with ita congener glycogen and their derivatives, dextrin 

and multoee. 
Celluloae. 
Cane sugar. 



Glucose. 



Staecu, Ac. 

Starch enters more largely than any other carbohydrate into the 
composition of the food of animals, and occupies, on this account, the 
position of chief importance. Although itself exclusively derived 
fi'ora the vegetable kingdom, it ia represented in the animal kingdom 
by its congener glj-cogen. Glycogen, so far as is to be learnt from 
the indications of cnpric oxide reducing action, comports itself in its 
transformations precisely in the same manner as starch, and, since it 
only occurs to a comparatively insignificant extent as a constituent of 
food — chieSy in muscular tisane and liver — -it will not receive aepai-ate 
attention in the succeeding account of the digestive changes, but must 
be understood to be included in what is said under the head of starch. 

As has been previoualy mentioned, starch exists naturally in the ' 
form of a gi'anule, composed of successive layers, of which the outer 
layer offers great resistance to solvent influences. Wben the gi'anules 
are ruptured, however, by the application of heat, an aqueous decoc- 
tion is obtainable ; but, even in this form, the starch, by virtue of its 
colloidal properties, is unsusceptible of being absolved from the 
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oUmenfary canal. To be ssrviceable, therefore, as an alimentary 
article, etarcU mnBt, as a necessary preliminary to absorption, bo 
brought into a soluble and diffusible form, and this in effected by the 
process of digestion. Tbrough the inSuence exerted npon starch in 
the digestive system, it becomes converted into a form of sugar, with 
an admistare of the intermediate prodncta of ti-ansformation known 
as destrina. 

There are varions secretions possessing' this transformative power 
over starch — secretions, that is to say, containing an amylolytio 
ferment. The first with which the food comes into contact is the 
saliva, a somewhat viscid, slightly alkaline secretion, containing an 
unorganised ferment known as ptyalin. The extent of the change 
exerted by saliva is probably small, owing to the incompleteness, as 
well as the short duration, of the contact between the ferment and 
the starch. 

Experiments with starch and saliva show that maltose, and not, as 
was formerly believed, glucose, is the main end product of the action 
of ptyalin. Apparently, however, a certain, but insignificant, amount 
of glucose is produced at the same time. As to the precise nature of 
the changes occurring, and of the intermediate products formed, 
authorities are at variance, and it is not necessary to enter into the 
question of the theoretical mode of splitting np of the starch mole- 
cule further than has been done in a former part of this work. 
Broadly speaking, the change may be described as one of increasing 
hydration, attended with advancing cnpric oxide redacing power. 

The action may be studied, and information obtained regarding the 
general natnre of the products, by adding to a decoction of starch a 
little saliva, and making observations on successive portions taken at 
short intervals. By means of alcohol the products of transformation 
may be obtained free from any admixture of ontransformed starch, 
shonld such exist ; and by subsequent treatment with the ammoniated 
cnpric liquid, before and after boiling with sulphuric acid, the cnpric 
oxide reducing power, as a simple expression, is obtained. In 
eleven observations that I find recorded in my laboratory books on 
mixtures of saliva and starch solution, the cupric oxide reducing 
power of the respective products varied from 39 (o 60, taken in 
relation to that of glucose reckoned as 100. Thas, in certain cases, 
coarerfiion of the starch into maltose had practicaJly been accuin- 
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piuihed. whilst in otliers a, large proportion of deiti'in, 

with B, toifei* caprio oxide redauiog power than tbat of maltoBe, was 

still present. 

After tLe short period of detention tbat the food undergoes in the 
mouth, it is propelled along the gullet to the atoinach, there to be 
brottght into contact with the gastric juice. 

Aoida, as ia well known, exert an itifliieiice in the direction o( 
checking the amjlolytic action of saliva ; and it is generally asserted 
tbat, on the arrival of starch in the stomach, this action is at once 
stopped by the hydrochloric acid existing iu the gaatric juice. This 
statement ia not, however, to be accepted too literally or too abao- 
Intely, for it must be remembered that the gastric jnice is not 
normally produced except iu response to the stimulna of the presence 
in the stomach of extraneous matter, so that food received into a 
Blomach previously empty will not immediately come under the influ- 
ence of this secretion ; and, during the short interval, whatever may 
he its duration, which elapses between the entry of food into the 
organ and the subsequent flow of gastric juice, starchy matters may 
undergo some further change under the continued action of the saliva. 
Beyond the interference with salivary action, gastric juice exerts no 
influence upon starch digestion. 

A power of absorption of diffusible principles is possessed by the 
lining membrane of the stomach, and, by virtue of this power, what- 
ever diffusible matter may have been produced by salivary action 
stands in a position to pass, at this early stage, into the circulation. 
That such matter is present in considerable amount in the contents of 
tho stomach, after the ingeation of starchy food, is shown by observa- 
tion. In illustration, I may refer to the results obtained from an 
exaraiuatiou of the stomach contents of ten rabbits, killed at a period 
of digestion. In each instance, an alcoholic extract was made, foi' the 
purpose of obtaining the transformed carbohydrate matter free from 
admiiture wiih starch. The examination of the extracts revealed 
the prpsence of a considerable amount of carbohydrate matter possessed 
of cupric oxide reducing power, varying in the several instances 
from '25 to 53 expressed in relation to that of glucose taken at lOt). 
In two of the observations, a portion of the contents of the stomach 
was dealt with at once, whilst another portion was allowed to stand 
for thirty minutes at a temperature of 48° C, previous to extraction 

2 
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with alcohol. Tfpon e*amination, it was found that the cupric oxide 
redacing power had hecome raised in the one case from 25 to 48, and 
in the other from 25 to 50. It thna appears, he the precise cause 
Tvhat it may, that a certain amount oE change of carbohydrate may 
occnr undei" certain conditions, within the atoinach. 

From the stomach the alimentary matter, in a semi-fluid condition, 
is conducted to the small intestine, the part of the alimentary tract 
■which may be regarded as constituting the main seat of starch 
digestion. It is here brought under the influence of the bile, tlie 
pancreatic juice, and the secretious derived from the intestinal walls. 
Bile, through the alkali contained in it, contributes towards neutral- 
ising tbe acidity of the chyme as it passes from the stomach, and 
thus, indirectly assists in promoting the subsequent digestion of 
starch by the other secretions ; otherwise little or no action is prob- 
ably exerted by it upon the carbohydrates. 

Pancreatic juice is an alkaline secretion, poBsessed of marked 
power of acting upon starch. Its action, like that of saliva, leading-to 
the production of dextrins and maltose. Within the intestinal canal 
there exist the most favourable conditions for the exercise of the 
transformative power — for example, intimate contact, alkalinity, and 
a moderately elevated temperatui'e — and, accordingly, the conversion 
of atarch begun in the mouth is now carried on with its highest 
degree of activity. The process of transformation and the nature of 
the products formed may be studied io a similar manner to that 
mentioned in. the case of saliva. The results of ten experiments 
with starch and pancreatic ferment derived from the sheep, the cat, 
and the dog, showed the attainment of cupric oxide redm;ing power 
ranging from 23 to 60, expressed in relation to glucose taken at 100. 
Thus in Borne cases complete conversion into maltose had praciically 
been accomplished, whilst in others the product must have consisted 
largely of dextrin. 

The effect of the presence of acid or of carbonated alkali is to 
modify the action of the amylolytic fennenta, whether pancreatic or 
Balivary. For instance, the addition of sodium carbonate seems to 
determine the formation of a final pi-oduct with a lower cupric oxide 
reducing power than that which would otherwise be obtained. The 
change is prevented from passing beyond a certain point more or 
less ahott, apparently according to the amount of sodium carbonate 
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nsed, of the prodnction of maltose. This is shown hy the suhjoined 
observations. 

100 c.c. of a decoction of starch were mixed with 50 c.c. of an 
aqueous extract of pancreas, and exposed to a temperatare of 48° C. 
10 CO. portions were removed at the nndermentioned periods, and 
the cnpric oxide redacing power of each taken. Parallel experi- 
ments were made with the addition of 2 grams and 4 grams (giving 
the respective percentages of 1*3 and 2-6) of carbonate of soda. The 
cnpric oxide redacing power, expressed as glucose, was found in the 
several instances to stand as follows : — - 



10 c.c. portions 
after 


Sugar found, expressed as glucose. 


Without 
NajCO,. 


With 1-3 per 
cent, of NajCOs. 


With 2-6 per 
cent, of Na-jCOs. 


15 minutes »... 

30 


0-015 gram 
0-018 „ 
-018 „ 
018 „ 


-006 gram 
009 „ 
0-009 „ 
009 „ 
009 „ 


0-005 gram 
-009 „ 
009 „ 
008 „ 
009 „ 


43 „ 


1 hour •••.•.•••.*... 


2 hours • 





A similar experiment was upon another occasion performed with a 
different decoction of starch and aqueous extract of pancreas. The 
following, expressed as before, were the results obtained : — 



10 c.c. portions 
after 


Sugar found, expressed as glucose. 


Without 
NaaCOa. 


With 1-3 per 
cent, of Na2COs. 


With 2*6. per 
cent, of NajCOs- 


15 Tniniites *■,■,** 


-031 gram 
-046 „ 
047 „ 
0-046 „ 


013 gram 
-014 „ 
-014 „ 
014 „ 


0-009 gram 
010 „ 
010 „ 
0-010 „ 


30 


45 


1 hour 





Acids, as already mentioned vnth reference to saliva, exert a re- 
tarding or an actually preventive influence on the action of these 
ferments upon starch. The presence of even an organic acid, such as 
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citric, whilst not wholly preventing the transformation, exerts a 
marked degree of interference with anch change, and detorraines the 
n on- con vera ion of a oonaiderahle quantity of starch. 

The following resnlts of experitoenta made with starch solution 
and aqueous extract of the pancreas of a dog, will serve to show the 
influence exerted by citric acid and sodinni carbonate reapectively on 
the process of transformation. 

30 o.c. of a solution of starch were placed in contact with 5 e.c. 
of the pancreatic extract and allowed to stand for 18 hours at the 
ordinary temperature. At the end of that time an alcoholic extract 
was made, and the sugar determined before and after treatment with 
sulphuric acid. A parallel procedure was adopted with the addition, 
in the one case, of 0'5 gram (1*4 per cent.) sodinm carbonate, and, in. 
the other, the same quantity of citric acid. The results obtained 
stood aa follows : — 

Selntion of llui 

eiipriu oxide 

Sugar produoed, roducing power 

eipreiiBdl u oi (he product 

glucose in to that of 

gramB. glucose at 100. 

Experiment I. 
After action of ferment f before aulphurio acid , , '074 1 ,_ 

alone laftor „ „ .. 0-156 J ' 

After action of ferment ~1 

in presence of 14 I before sulpliurio iicid . . 0'034 1„„ 

Ccant. Bodium car- | after „ „ .. 0130 J ™ 

ate J 

After action of ferment"] 

in presence of 1*4 1 before sulphuric ai^id . , trace 1 ^ 

per cent, of citrio [after „ „ .. O'OliS J l 

Experiment II. 

Aft«r action of ferment J before sulphuric acid . . 070 1 -, 

alone \ after „ „ .. O'lSS /" 

After action of ferment 1 

in presence of 1*4 I before sulphuric utid . . -Oitt 1 „„ 

per cent, of Bodiuin [after „ „ ,. C'148 J 

(3Libonate J 

Afteraction offermeiifl 

in preeencB of 1 ■* I before sulphuric acid . . 032 1 „„ 

per cent, of citric f niter „ „ .. OUO J 
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Relation of the 

cupric oxide 

Sugar produced, reducing power 

expressed as of the product 

glucose in to that of 

grams. glucose at 100. 



23 



Experiment III. 

After action of ferment f before sulphuric acid , . '074 1 

alone \ after „ „ . . '322 j 

After action of ferment 1 

in presence of 1'4 I before sulphuric acid •• 0*084 X^in 

per cent, of sodium | after „ „ . . "274 j 

carbonate J 

After action of ferment^ 



in presence of 1*4 
per cent, of citric 
acid 



before sulphuric acid . • '014 1 „^ 

'after „ „ .. 0*038 P^ 



Experiment IV. 

(In this instance glycogen was subs titn ted for starch.) 

After action of ferment / before sulphuric acid . . 'llf? 1 .q 

alone lafter „ „ .. 0238 J*^ 

After action of ferment 1 

in presence of 1*4 [ before sulphuric acid .. 0*094 X^a, 

per cent, of sodium Rafter „ „ •• 0*384 J 

carbonate J 

After action of ferment"] 

in presence of 1*4 I before sulphuric acid .. 0*016 1 -- 

per cent, of citric [after „ » •• 0*028 j 

acid J 

The other secretions pertaining to the intestine are those derived 
respectively from the glands of B runner and the glands of 
Lieberkiihn. 

The secretion of the glands of Branner, glands special to the 
duodenum or first portion of the intestine, probably operates in the 
same way as that of the pancreas in relation to starch digestion ; but, 
from the anatomical situation of the glands, their secretion cannot 
properly be isolated, and therefore nothing definite has been ascer- 
tained with regard to it. 

On the other hand, the succus entericus or intestinal juice, produced 
by the glands of the intestine, called glands of laeberkiihn, has been 
ascertained to have a definite action upon starch, which difl^ers from 
that of the salivary and pancreatic secretions in possessing a glucose- 
forming capacity. Under the influence of this secretion, starch is 
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carried throogh a Baccesnion of prodncts posseaBing an increasing 
cnpric oxide redncing power; but the change does not, as in the 
case of tho ealivarj and pancreatic fennenta, etop at the stage of 
maltose. If a large amount of the ferment be used, and the action 
continued for some time, the process of transformation may be found 
to proceed actually to the production of glucose. Apparently the 
change is a gradual and continuous one, without any definite halt or 
interruption ; and the point of termination seema to depend upon the 
amount of ferment and the time during which it is allowed to act. 
We have here, therefore, under suitable conditions, a glucose-forming 
ferment to deal with ; but the final cnpric oxide reducing power pre- 
sented by a product may stand at any point between maltose and 
glucose OP short of maltose. 

The following observations show the resnlts obtained from sub- 
mitting starch to the action of the ferment existing in the intoatine : — 
Some starch decoction was mixed with a large quantity of sheep's 
intestine, and exposed for three hours to a temperature of 48" C. A 
portion was examined at the end of the three hours, and it was found 
that a product existed with a cnpric oxide reducing equivalent of 50 in 
relation to glucose at 100. The remainder was allowed to stand for 
twenty- four hours. The cnpric oxide reducing power was then found 
to have been raised to 85. 

Some starch decoction mixed with a large quantity of rabbit's in- 
testine was exposed to a temperature of 48° C. for three hours, and 
then allowed to stand aside for twenty hours. At the end of the 
three hours, tho product poeseEsed a cupric oxide redncing power a 
little above that of maltose. At the end of the twenty hours, glucose 
existed. 

Some starch decoction, mixed with a large quantity of rabbits' in- 
testine, was exposed to a temperature of 48' C. for three hours, and 
then set aside for twenty-tour hours. After the three hours' exposure 
to 48° C, the cupric oxide reducing power was found to be 87. After 
the subsequent twenty-four hours, it stood at 98. 

Some starch decoction was mixed with a watery extract of cat's 
intestine, and the mixture left for eighteen hours at the ordinary 
temperature. The cupric oxide reducing power was then found to he 
91. 



Th'3 intestinal mucous a 



B is found (o retain lis transfoima- 
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tive power after having been dried, provided the drying has been 
effected at a temperature insufficient to lead to the deatrnctiou of the 
ferment. Of seven experimental observations, coudncted with the 
dried intestine of the horse and a solution of starch, two yielded re- 
sults, showing that the sugar produced consisted of glucose. In the 
other five, the eitent of transformation fell more or lesR short of this, 
the cnpric oxide reducing powers of the several products being repre- 
sented by the numbers 71, 79, 80, 81, and 86, in relation to that of 
glucose taken at 100. The temperature employed was .38° C, and the 
period of exposure to it varied from thirty minutes to four hours. In 
one of the two cases, in which the product was fonnd to consist of 
glucose, the mixture had simply been set aside for twenty-foar hours 
at the ordinary temperature. 

These observations suffice to show that a ferment exists in the walls 
of the intestine which has the power of carrying the process of 
transformation ou till glucose is reached. The process passes on 
gradually through anccessive stages marked by advancing cnpric 
oxide reducing power. It is evident, however, from the observations 
to follow, that glucose is not to any large extent produced by the 
action of the secretions (within the alimentary canal, whatever may be 
the ferment power existing in the intestinal walls themselves. 

The contents of the intestine were examined in five rabbits, taken 
at a period of digestion. The rabbits had been fed in three of the 
instances on oats and green food, and in the other two on oata 
moistened with water. An alcoholic extract was made so as to 
separate the transformed from the untransformed starch. The cnpric 
oxide reducing power of the product obtained was in every case below 
that of maltose, and where the food had consisted of moistened oats, it 
was lower than in the others. 



Product of Starch Digestion fovnd in the Portal Blood. 
We are now brought to the consideration of the question of the 
precise form in which the changed starch reaches the portal blood, as 
revealed by observation conducted upon the blood itself. The point 
touches the practical issue of starch digestion. I have performed a 
large number of experiments upon the subject. The detailed results 
will be introduced under the general consideration of the portal blood 
(pp. 105 — 106). All that is necessary here to state is that a sig- 
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nificant, and often even a, very notable, nmonnt of HugBr ia diBcoverable 
in tho portal blood as the effect of the ingestion of starchy matter; 
and that the suo^r in ita totality has a cnpric oside reducing power 
varying between that of maltose and that of glncose, thus showing 
that, whether giacose is present or not, sagar otiier than glncose mnst 
to a greater or less extent exist, 



Cellulose. 

Cellulose is characterised by its resistance to solution by ordinary 
solvents. Little of a definite nature is known about its solution in 
the alimentai-y canal of animals. Probably in the human Bubject bat 
little cellulose is digested and absorbed. In some of tho herbivorous 
animals, however, notably in the large group of grass and hay feeders, 
it enters to so large an extent into the food that the capacity for 
digesting and rendering it of alimentary value may be inferred to 
exist. This inference is sapported by the proof that can be adduced 
from the vegetable kingdom of cellulose being susceptible of under- 
going transformation and solution by the action of certain kinds of 
ferments. Thus, to qnote from Sachs* : — 

" The non- nitrogenous reserve material [In the stone of the date] 
consists of hard cellulose, which Is deposited in the endosperm in the 
form of thickened ce!l walls, and which constitutes the great mass of 
tho date stone. The embryo, at first very minute, protrudes its root 
and plumule at the beginning of germination, and only the nppei- 
most portion of the primary seed leaf, which now gradually develops 
into a cnp-shaped absorbing organ, becoming larger and larger, re- 
mains within the endosperm. This organ consists of a very delicate 
parenchyma, and excretes ferments which dissolve the hard endo- 
sperm in its immediate neighbourhood. The products of solution are 
absorbed by the organ and then conveyed into the growing parts of 
the seedling ; nntll, finally, the whole of the hard date stone is dis- 
solved and its cavity occupied by the developed absorbing organ. 
The seed of Fhytelephas (known under the name of vegetable ivory), 
which is at least a hundred times larger than the date stone, and the 
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ciidosperm of wliich consists of much littrder cellalose, behaves 
Bimilarly. 

" The action of those fungi which destroy wood and kill IreeB msy 
be compared directly with the action of such eeedlings on their endo- 
sperm ; the thin mycelial tbi'cads of these fung'i, as has beeo shown 
by Robert Hartig in his magniScent work, penetrate into the al- 
bnrnnni and heart wood of trees, evidently becaaae they excrete 
ferments at their growing apices, which dissolve the hard cell-walls 
of the wood." — (p. 344.) 

With a snitable ferment present, there is no reason that cellulose 
shonld not be susceptible of undergoing digestive Bolotion by trans- 
formation into sugar, and of being thereby placed in a position to 
prove of equal alimentary value to starch or any other cai'bohydrate, 
A more ov less considerable disappearance of cellulose has been 
ascertained to take place in the digestive tract, especially of herbi- 
vorous animals, which stands in harmony with the bypotliesia 
suggested. But it mnat he stated that no specific cellaloljtio fer- 
ment belonging to the alimentary cana! baa yet been recognised, and 
the proposition has been advanced that the disappearance of cellulose 
may be in pavt accounted for by a transformation of an altogether 
different kind. Under the inSuence of putrefactive action cellulose 
may be broken up, with the evolution of marsh gas as a product, and 
it has been pointed out that during the detention of the alimentary 
matter in the very voluminons ciecum of some of the herbivora marsh 
gas is to a, certain extent developed. 



Cane Suoar. 



Cane sugar, considered as an iirticle of food, is, on account of its 
ready solubility and diffusibility, in a position widely different from 
that held by starch, glycogen, and cellulose. As far as its physical 
properties are concerned, it is, therefore, in a state to be susceptible 
of absorption from the alimentary canal, without requiring any pre- 
paratory process of digestion. It does not, however, follow from this 
that it becomes absorbed and reaches the portal system without un- 
dergoing alteration. This is a point to which attention will be given 
after certain preliminary considerations have been disposed of con- 
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ceming the chemical relations of cane sugar, and the methods em- 
ployed in its estimation. 

Cane sugar does not possess any cnpi'ic oxide reducing power, but 
like the other carhohjd rates is converted into glucose by boiling 
with dilate snlpharic acid, the change in the case of cane sugar 
being known as inversion, and its product, as invert sugar. Invert 
sugar is in reality a mixture, in eqnal quantities, of two forms of 
glucose — dextrose and IkvuIosc, each of thom possessing the cupric 
oxide reducing power belonging to glucose derived from other sources. 
A ready means of effecting a qnantitative estimation of cane sugar is 
thus afforded, it being only necessary that the sugar should be sub- 
jected to inversion, and the cupric oxide reducing power of the 
product deiermiced. From this, an expression of the amount of 
cane sugar is obtainable by calculation. The relation ezisting be- 
tween cane sugar and glucose gives as the factor for convert- 
ing glucose figures into figures representing the corresponding 
amount of cane sugar, the expreseion, | -— J or 095. 

Thus :— 
Amount of invert sugar (glucose) xO'95 = Amount of cane sugar. 

For conversion of cane sugai' into glucose by boiling with sulph- 
nric acid, a 2 per cent, solution of acid is used, as for the other 
carbohydrates; bnt the time required for the completion of the 
process is much shorter than that needed for the other bodies. Full 
conversion may, in fact, be reckoned to have taken place after boiling 
for five minutes. I have indeed observed that three minutes have 
sufficed. The boiling should not be continued beyond the point which 
will reliably secure complete conversion on account of risk of 
destruction and the development of coloar which would interfere 
with the subsequent process of titration with the copper test. It 
may happen that no colour is perceptible at the end of an unneces- 
sarily prolonged boiling, and yet that more or less colour appears 
when the acid is neutralised. 

Cane sugar is, however, convertible into j 
mineral acids but also by dilute oi^anic aci 
convenient — indeed, I consider, the m 
ployment for the purpose. A 2 per cent, strength snfRces, and seven 
minutes are sufficient to allow for the period of boiling. Xu risk ia 
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involved of the production of colour or the occurrence of any destrnc- 
tioii. Cane sagnr in this respect differs from starch and glycogen 
and the various produela emaimtjug from then). None of these 
bodies, as I have satisfied myself by direct observation, are affected 
by boiling with citric acid. 

By taking £id vantage of this property, it becomes practicable to detect 
and estimate cane sagar in the presence of other bodies (lactose ex- 
cepted) of the caibohydrate gronp. The method of procedure consists 
in dividing the solution to be examined into two equal portions. One 
portion ia titrated at once, and the cupriu oxide reducing power belong- 
in^ to theproductascertained. The second portion is boiled with citric 
acid (added ia proportion to give a. 2 per cent, solution), neatralised, 
and then titrated. An identity between the two results ia indicative 
of an absence of cane sngar. An increase, on the other hand, 
noticeable after treatmeiit with the acid denotes the presence of cane 
sugar, and affords a measure of its amount. 

It shoald be mentioned that in al! investigations involving the 
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question of the transformation of ci 
that the specimen employed eserte i 
Specimens often contain more or It 
vitiated resnlts may thus bo given. The 
colourless crystals — that which is known as " 
used for sweetening coffee — may be instanced a 
purity. No cnpric oxide reducing power existing at starting, what- 
ever CQpric oxide reducing power ia subsequently met with may be 
read as affording a measure of the amount o£ cane sugar that has 
undergone transformation. 

With these preliminary remarks vee may now follow the cane sugar 
after its ingestion. 

Cane sugar taken into the month undergoes no cbange before 
reaching the stomach. I have submitted the point to actual observa- 
tion, and my observations, in accordance with what is commonly 
stated, have furnished no evidence that any action is exerted upon 
cane sagar by saliva, and I may here further state that the same 
holds good with regard to the pancreas. 

Some confusion exists with regard to what occors in the stomach 
in relation to cane sugar. The general belief, expressed in broad 
terms, ia that caue sugar is not acted upon to any extent by the 
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Btoinaoli, bat that in the intestine it comes iato contact with a' 
ferment which tranaforma it into invert sugar. Neither of these 
atatementa must be taken aa literally and wholly correct. Observa- 
tions I have conducted have shown, in the fii'at place, that a ferment 
exists in the atomacli- walls capable of prodnciiig a certain small 
amount of transformative effect ; and, in the second, that althongh 
the intestine of animals gcnenilly possesses an active transformative 
power, in the ruminant such is not the case. In this claaa of 
animals the transformative power is located in certain portions of the 
stomach. 

The subjoined experimental evidence, obtained from varions 
animals, shows in a decided manner that a certain amount of trans- 
formative power is, aa a general condition, possessed by the stomach 
as well aa by the intestine. It is true, the power in the intestine is 
very much greater than that in the stomach. This will be seen from 
the quantitative results to be adduced. In the case of the intestine, 
the transformative energy is sufficiently strong to produce an efEect 
that ia readily perceptible through rough qualitative testing. In the 
case of the stomach, however, the effect might easily be overlooked if 
a more delicate method of procedure were not adopted. The follow- 
ing are the results, briefly expressed, of some of the experiments I 
have conducted. 

A solution of cane sugar was introduced into the thoroughly 
cleansed stomach of a recently killed rabbit. The stomach, ligatured 
at ils two oriQces, was then placed in a beaker of water, and, after 
being exposed for thirty minutes to a temperature of 48° C, waa set 
aside in the laboratory for twenty-four hours. At the end of this 
time a considerable amount of sugar had diffused through the 
atomach-walls, and was to be found in the surrounding water. Ex- 
amination showed that 9 per cent, consisted of glucose. Analysis of 
the liquid remaining in the stomach showed the presence of glucose 
to the extent of 24 per cent, of the sugar found. 

A coil of intestine was dealt with in a similar way. At the end of 
the twenty-four hours, examination showed that 40 per cent, of the 
sugar contained in the diffusaio, and 30 per cent, of that present in 
the contents of the intestine consisted of glucose. In a duplicate 
experiment with the intestine, 53 per cent, of the diffused, and 45 per 
cent, of the undiffused, sugar consisted of glucose. 
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It will be noticed in the abore experiments tliat, on the one hand, 
a certain araonot o£ augar had passed through the membi'anonB 
mediam in an nntTanfiformed state, and that, on the other, a certain 
amonut of transfurmed sugar was encunntered in the nndiffused 

In other esperimente, scrapinga from the mucons membrane of the 
stomach and the intestine were placed in contact with a solation of 
cane sugar, and exposed to conditions favourable to ferment action. 
With the intestine, in the case of the rabbit, pi^, horse, dog, and eat, 
a marked transformative action was found to be exerted, whilst in 
the case of the ruminant an absence of effect was observed. "With 
the stomach (the Btomach of the mminant will receive separate coo- 
Bideration later on), there appeared to be eyidence of a certain, 
ttiongh comparatively insignificant, amount of transformation, the 
evidence being more decided in the case of the pig than in the other 

The mucoua membrane not only poaseaaea transformative power 
in its fresh state, bat also after having been kept. Indeed, the 
setting in of decomposition appears to lead to the production of an 
increased transformative energy. The following experimental resulta 
may be adduced in support of this statement ;^ 

25 grams of fresh rabbit's intestine were mixed with 0"5 grani 
of cane sugar dissolved in 50 c.c, of water, and allowed to stand for 
16 minutes at 38° C. The product obtained by subsequent treat- 
ment with sulphate of soda contained 0'1S6 gram of transformed 
cane sugar. In corresponding experiments, made with the same 
rabbit's intestine which had been previously allowed to I'emain 
exposed to the air for periods of 24, 72, and 96 hours, the amount.^ of 
glucose found were respectively 0-363, 0'405, and 0-312 gram. 
Another 25-gram portion o£ the intestine was allowed to stand for 
120 hours, and was then mixed with only half the quantity of sugar 
previously employed. After proceeding as in the other experiments, 
examination of the product showed that the whole of the sugar 
present existed ia the form of glucose. 

Alcohol precipitates the ferment without destroying its activity. 
The precipitated material, dried at a suitably moderate temperature, 
may be kept, and will be (onnd to retain its virtue for an indefinite 
period. I have recently experimented with a specimen, derived 
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from the mucoua membrane of the horse, which has been kept for 
four years. It yielded the following eridencB of activity : — 

30 gramB of the dried anbatance in a powdured state were mixed 
with 5 grama of cane aogar diaaolved in 100 c.c. of water, and kept 
at a temperature of about 38° C. 20 c.c. portions were remoTed at 
intervals and examined. At tbe end of IJ Lonrs it waa found that 
17 per cent., at the end of 4^ hours 32 per cent., and at the end of 
21 boars (dnriog the latter part of tbe time the tempevatnre had 
fallen to 26° 0.) 72 per cent, of the sugar present consisted of glucose. 

The ruminant animal, as has already been stated, stands in a 
position different from that of animals generally, in relation to the 
point under con side I'ation. The ititestine possesses only an insignifi. 
eant amount of transformative energy. The effect produced upon 
cane sugar by its mucous membrane is about comparable to that 
which I have described as produced by the stomach of other animals. 
A compensatory action is exerted elsewhere. The reed, or fourth 
division, is the portion of the ruminant stomach which represents the 
ordinary stomach ; and, in harmony with this, it is fonnd that only 
an insignificant power of tran8form.ing cane sugar is possessed by its 
mucous coat. In connexion, however, with the other portions, a 
more or less marked ti'ansformative energy is shown by ohwervation 
to exist. The following stands in illustration of what I have 
stated. 

Portions of the cleansed pauncb, reticulum, manypliea, reed — ^or 
true stomach, and intestine of a sheep, wei-e minutely divided, and 
10-gram quantities of each taken. Aftei' the addition of a little 
water, they were severally mised with 5 c.c. of cane sngar solution, 
containing the equivalent of 0"I04 gram of glucose, and exposed 
for two honrs to a temperature of 48° C. Subjoined are the re- 
spective amounts of glncose that were found to be present : — 

Paunch 0-086 gram. 

Reticulum 0-020 „ 

Manyplies 0*008 „ 

Reed, or true stomach .... 0-01 6 „ 

Intestine a trace. 

Other observations lave been conducted, and thongh the fignren 
obtained have not uniformly held the same relation, a general 
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mont with thoBS given above taa been noticeable. The pannch and 
manjplies have given evidence of possessing more trana formative 
energy than the reticnlnni, and the reticulum than the troo etomach. 

The esperimentnl evidence adduced in the preceding text has 
shown that the walls of the stomach possess a certain, though alight, 
power of inverting cane siigar. The enquiry hitherto has only 
touched the effects producible by the structural pai-ta of different 
portions of the alimentary canal. Another point that presents itaolf 
for investi^tion is whether any effect is produced within the stomach 
by the action of the contents at a period of digentlon. I have made 
a number of experiments upon this point, and will give, aa examples, 
the resnits obtained in some of them. Evidence, it will be seen, is 
afforded of the occurrence of a marked amount of trnnsformation. 

A dog was fed upon meat, and, during digestion, 30 grama of cane 
sngar in solution were injected into the stomach through a tube 
passed down the cesophagna. Twenty minutes later the animal was 
killed. The liquid contents of the stomach were collected and ex- 
amined. In a total of 7'500 grams of sugar found to be present, 
0-600 gram existed in the transformed state. The contents of the 
intestine were also examined, and it was found that in a total of 
1-470 grams of sugar rather less than half consisted of glucose. 

A solction containing 28 grama of cane sugar was given to another 
dog, which had been fed with meat four hours pi'evionsly. The 
animal lapped the liqnid out of a vessel. Twenty minutes afterwards 
it wf^ killed. Of the 6'492 grams of sugar found in the liqnid 
portion of the stomach- con tents, 1'081 grams, or about one-sixth, 
consisted of glncose. In the intestinal conteuts, taken for examina- 
tion, the sugar found amounted to 0'G45 gram, of which O'Sii gram 
consisted of glucose. From the figni-es thus yielded in this and the 
preceding observation, evidence is presented that cano sagar, to a 
greater or less extent, reaches the intestine in an nntransformed 
state, and therefore, in part, escapes absorption by the stomach. 

In the observations just referred to, the sugar waa introduced into 
the stomach of the living animal. The effect has also been ascer- 
tained of bringing cane sugar into contact with the contents of the 
stomach outside the body. In the observations conducted, the con- 
tents of the stomach of rabbits were employed, and exposare for 
half an hour to a temperatnve of 48° C. allowed. The sugar was then 
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estraoted with alcohol, to eliminate from the prodact the starchy 
matter present. Prom a compBrisoa o( the figures representing the 
amotmts of augar found before and after inversion with those repre. 
Bcnting the sugar contained in a con-es ponding amount, similarly 
dealt with, of the atomach-conteuta taken alone, evidence was 
afforded of an extensive ti'ans formation of cane sugar having in each 
instance taken place. In one of the ezperiments the whole had 
become transformed. 

The effect of what has preceded is to show that when cane sugar 
is brought into contact with the contents of the stomach, whether 
within the living animal or not, a marked extent of transformation 
into glucose occurs. That nuch a result should ensue is only in 
accord with what niight be expected, seeing that dilute acids have 
the power of inverting cane sngar, even at moderate temperatares. 
This I learnt in the coni'ae of my experiments, and the fact has not 
escaped the notice of others. To show the kind of effect produced, 
I may give the following particulars of two observations on the 
point : — 

1. A liquid containing 3 drops of hydrochloric acid in 100 c.c. of 

water was placed in contact with 5 grams of cane sugar and 
kept at 38° C, 20 c.c. portions were removed at the end of 
tnty-four, hours. The amounts of invert sugar 
respectively found in them were 0157 and 0'392 gram. 

2. A solntion of citric acid, to represent an organic acid, of 5 per 

cent, strength was, in the other case, used, and the i 
method of procedure as in the previous observation adopted. 
The ^0 c.c. portions removed at the end of five and of twenty- 
four hours respectively contained 0'112 and 0'326 gi-am of 
invert sugar. 

Froduci derived from. Ingested Cane Sugar found in the Portal Blood. 

The next matter for consideration is oae which standB as t 
point of physiological interest and importance in connexion with the 
ingestion of cane sagar, viz., the form of sugar which actnally reaches 
the porta! blood. 

Careful experimenting ia required in order to obtain the desired 
information, and it is necessary, in the first place, to have a know- 
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ledge of tfae condition nataral to tbe portol blood apart from the 
ingestion of cane engar. This constitntes the basis for the interpi-e- 
tati'on of the resnlts obtained after itfi ingestion. Later od, attention 
will be given to tbe state of the portal blood under yarions conditions 
(vide p. 101, tt seq.), and ic will be advisable to defer till then 
entering into detailed coDsidcrations of its condition after the inges- 
tion of cane engar. It will here be snfficient to state that an increased 
amount of sngaf is met with, and that glucose is the form of sngar 
present. In my own experiments no indication has been afforded of 
the passage of cane sugar, aa such, into the portal blood, hnt the 
statement is made that after the ingestion of large amonnta of cane 
sugar traces may be found both in the blood and the urine. I learnt 
from observations (ride p. IIG) conducted many years ago, that, 
under tbe circumstances named, glucose in notable amonnt became 
discoverable in the urine, but it did not occur to me to examine and 
ascertain whether cane sngar was also present. 



Lactose. 



Lactose is a readily soluble and diffusible body, and, by virtue of 
these properties, does not require to undergo change within the 
alimentaiy canal to be i-eiidcred fit for absorption. I hare sttbjecfed 
lactose to the action of the coats of the Ktomaeh and intestine of the 
rabbit, cat, and sheep, and have not obtained evidence of a decided 
nature of any ti'ansforniation being brought about. It is stated, 
[•, that, under the influence of inverting ferments, in the sanie 
Y the action of acids, lactose is convertible into galactose 
and dextrose, and that the euccus entericus has the power of produc- 
ing this effect. Wbether or not tbe transformation occurs physio, 
logically, proof, it may bo assumed, is afforded of the possibility of ila 
occurrence within the system by the fact that in tbe diabetic ingested 
lactose appears as glucose in the urine. 

Lactose, as is well known, readily undergoes the lactic acid fer- 
mentation in presence of certain micro-orgaiiiams. Apparently a 
certain amount of the l!ii;tose reaching the alimentary canal becomes 
transformed in this way. 
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Glucose. 

Glucose stands as tlie end product inside the carbohydrate series 
of the action of ferments, &c., on the various members of the group. 
No change can therefore be looked for under exposure to the influ- 
ence of the digestive secretions, and none is required to be exerted, 
seeing that, by virtue of its high solubility and diffusibility, it exists 
in a fit state for passage into the circulation by absorption. After 
ingestion, it can be traced into the portal blood. Like lactose, 
though less readily, glucose is susceptible of undergoing the lactic 
acid fermentation, and this change, under certain circuiri stances, may, 
to some extent, occur in the alimentary canal. 



PORTAL BLOOD IN RELATION TO INGESTED 
CARBOHYDRATES. 



I have traced the ingested carbohydrates ou to tte point at whicli 
they stand as solnble diffusible bodies within the alimentary canal, in 
close proximity to the vesaels distributed npon its inner Burface, and 
thttB in a favoui-able position for absorption into the circulation to 
occur. I will now pass to the examination of the portal blood, and 
see what evideuco is ewiducible oE their passage into it. 

In entering npon this enquiry, it is necessary in the first place to 
know the constitution of the portal blood, in relation to sugar, apart 
from the influence of ingested carbohydi'ate matter. The blood of 
the portal system contains a certain amount of sngar derived from 
that existing as a constituent of the blood of the general circulation. 
As I shall show in detail latei- on (p. 161), the blood of the general 
circulation contains a standard or definite amount of sugar, which, 
ttnder natural and ordinary conditions, may be stated to range from 
about 0'6 to 10, or a little orer 10, per 1000, and which presents no 
evidence of any essential variation in the different parts of the 
system spoken of. In considering, therefore, the question of the 
effect pioduced upon the portal blood by the absorption of ingested 
carbohydrate matter, the existence of this initial amount of sugar, 
common to the blood as a whole, mnsfc be taken into account. 

We start, then, with blood containing from about 0'6 to about 
I'O per lOOO of sugar, due to that belonging naturally to the general 
circulation. 

With this preliminary observation, I will proceed to give results 
showing the condition of the portal blood found : — 

a. At a period of fasting. 

6. After the ingestion of animal food. 

c. After the ingestion of food rich in carbohydrate matter. 

Some years ago I conducted an extensive series of experiments 
upon the point under consideration, and the results showed a 
marked increase of sugar after the ingestion of carbohydrate 
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tnatei-ial. Looking, however, at the importance of the matter from 
the point of view of the conclusions that may be based upon it, I 
have recently undertaken, in the Research Laboratories of the 
Colleges of Physicians and Surgeons, a nnmber of additional experi- 
menta, which have been conducted with the advantage of the ana- 
lytical experience gained from previous work. The results of these 
experiments, it may be stated, exhibit a general conformity with 
those formerly obtained. I will here give them in their entirety. 

In each case the animal was suddenly killed by pithing. Instantly 
afterwards, an incision was made through the abdominal parietes, and 
the portal vein ligatured. The blood Sowing to the liver was thus 
caused to accumulate below the ligature, whilst at the same time any 
backward flow from the organ was prevented. Blood waa then 
collected direct from the vessel. In some of the instances, it will 
be noticed, two portions were collected and analysed. In these 
cases the flow waa for a few moments stopped, by compression of the 
vessel, before the collection of the second portion. 

It will be observed in the analytical results to follow that the kind 
of sugar found in the portal blood is one possessing a cupric oxide 
reducing power standing ordinarily below, and sometimes consider- 
ably below, that of glucose. As will be seen from what will be stated 
later on, a point of diflerence here exists between the sugar of the 
portal blood and that present in the general circulation, which, under 
natural circumstances, is found to have the cupric oxide reducing 
character of glucose. 



PORTAL BLOOD AFTER FASTING. 
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Portal Blood at a Period of Fasting. 



I. Bog, nearly 48 hours ailer last food : 



Sugar 
per 1000, 
expressed 
as glucose. 



Portal blood .... I ^°^ sulphuric acid 0580 

(^ after „ „ O'u4io 

n. Dog, nearly 48 hours after last food : 

-D^^.i ivi«.^ / before sulphuric acid 0*660 

Portal blood .... I ^jj^^ *^„ „ 0-710 

III. Babbit, fully 24 hours after last food: 

Port»l blood .... [l^^ sulphuric acid 1-583 

IV. Babbit, fully 24 hours after last food : 

Portalblood....{^^;-"lP';u--« 2-«4 

V. Rabbit, fully 24 hours after last food : 

Portal blood . . . . j ^!f^'« sulphuric acid 2244 

(.after „ „ 2*244 



Belation of the 

cuprio oxide 

reducing power 

of the sugar 

present 

to that of 

glucose at 100. 



90 



94 



91 



98 



100 



In the case of tlie two dogs (Experiments I and II), it will bo 
observed tbat the blood was collected after a fast of nearly 48 hours. 
It may be concluded that influence from ingestion would be here 
absolutely excluded. The amount of sugar found stood within the 
natural range given for the contents of the general circulation. The 
prolonged fasting consequently, on its part, did not cause any 
sensible diminution. 

In the case of the rabbits (Experiments III, IV, and V), a different 
condition existed. Notwithstanding that fully twenty- four hours had 
elapsed since the last food was taken, the blood gave evidence of 
containing sugar derived from ingestion. In this animal, it is to be 
remarked, the stomach is known to contain a considerable quantity 
of material even after a much more prolonged period of fasting, and 
doubtless the condition found is thus to be accounted for. Seeing 
that the animal ordinarily will not be without food for twenty-four 
hours, the circumstaoices, it will be perceived, are here such as to 
lead to the portal blood containiug as a constant condition more 
sugar than that of the general circulation. 
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Portal Blood, after Animal Food. 



Sugar 
per 1000, 
expressed 
as glucose. 

I. Dog, fed for 8 days on lean beef ; killed 4 hours 
after last food ; abundant chyme in intes- 
tine: 

Portal blood. 1st ("before sulphuric acid I'll? 
portion collected L after „ „ 1340 

Portal blood. 2nd / before sulphuric acid 1*335 
portion collected t after „ „ 1*631 



fi 



}i 



II. Dog, fed for 3 days on lean beef ; killed 4 hours 
after last food ; no chyme visible in intestine : 

Portal blood. 1st f before sulphuric acid 0*893 
portion collected L after „ „ 1*087 

Portal blood. 2nd f before sulphuric acid 0*743 
portion collected \ after „ „ 1*023 

III. Dog, fed for 2 days on lean beef; killed 6i hours 

after last food; apparently in full diges- 
tion: 

Tj L„i vi^^j / before sulphuric acid 0*633 

Portal blood ....-i^^fter „ „ 0683 

IV. Dog, fed for 2 days on lean beef ; killed 5i hours 

after last food : 

Portal blood .... j ^^Z"™ sulphuric acid 0;693 

[after „ „ 0*660 



V. Dog, fed for 2 days on lean beef; killed 6i 
hours after last food : 

■D^«4.„i ui ;i r before sulphuric acid 0*633 

Portal blood .... I ^f^^ ^., „ 0-707 

YI. Dog, fed on lean beef ; killed 5 hours after last 
food: 
Portal blood. 1st f before sulphuric acid 0*750 
portion collected \ after „ „ 0776 

Portal blood. 2nd J before sulphuric acid 0*693 
portion collected \ after „ „ 0*817 

YII. Dog, fed on lean beef; killed 6^ hours after 
last food : 

T>^«4.„i vi^^^ /before sulphuric acid 0*720 

Portal blood ....j^fj^^ '^„ „ 0720 

YIII. Oat, fed on meat; killed 5 hours after last 
food : 

Portal blood ....{^^-ipl^-o-l-i ^-B^ 

IX. Oat, fed on meat; killed 5 hours after last 
food: 

T>««f oi Ki^^j / before sulphuric acid 0*675 

Portal blood .... I ^j^^ ^„ „ 0-779 



Relation of the 

cupric oxide 

reducing power 

of the sugar 

present 

to that of 

glucose at 100. 



83 
82 



82 
73 



93 



90 



90 



96 
85 



100 



77 



87 



PORTAL BLOOD AFTER STARCHY FOOD. 
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Portal Blood after the Ingestion of Starchy Food. 



Portal blood 



Sugar 
per 1000, 
expressed 
as glucose. 

I. Dog, shortly after haying been fed with a 
little meat ; 22 grams of starch in 200 c.c. of 
water injected into stomach through an 
oesophageal tube; killed 30 minutes after- 
wards : 

f before sulphuric acid 1*210 
• • • • 1 after „ „ 1267 

II. Do^, fed on bread and milk ; killed 8i hours 
afterwards : 

Portal blood. Istf before sulphuric acid 1*183 
portion collected \ after „ „ 1*477 

Portal blood. 2nd f before sulphuric acid 1*763 
portion collected \ after „ „ 2*500 

III. Dog, fed on bread and milk ; fed badly ; killed 

4 hours afterwards : 

■D^-4.«i vi^^;i r before sulphuric acid 1*163 

Portal blood .... I ^fj^^ *^„ „ 1-270 

IV. Dog, fed on bread and broth ; killed 2 hours 
afterwards : 

Portal blood ....{^^;-"lp';--<;;^ 0:f^ 

y. Dog, fed on bread and broth ; killed about 1 
hour afterwards : 

Portal blood .... I ^Jf ^^« sulphuric acid 0*968 

[after „ „ 1*277 

y I. Dog, fed on bread and broth ; killed 2 hours 
afterwards : 
•D^-*.«i ixi^^j / before sulphuric acid 1*723 

Portal blood ....|^ter „ „ 2187 

yil. Dog, fed on bread, milk, and meat j killed 2i 
hours afterwards : 

r before sulphuric acid 1*403 
••••\after „ „ 1*930 

yill. Babbit, fed on moistened oats ; killed 2 hours 

afterwards : 

Tj . 1 VI J r before sulphuric acid 2*587 

Portal blood .... I ^j^, ^„ „ 3-234 

IX. Babbit, fed on moistened oats and green food ; 

killed 3 hours afterwards : 

•D *. 1 i>i^^;i r before sulphuric acid 2*346 

Portal blood .... I ^jj^^ ^„ „ 2-878 

X. Babbit, fed on moistened oats ; killed 4 hours 

afterwards : 

•D -4. 1 ui J /before sulphuric acid 1*630 

Portal blood ....-[ ^jj^, ^„ „ 2 085 



Portal blood 



Relation of the 

cupric oxide 

reducing power 

of the sugar 

present 

to that of 

glucose at 100. 



} 



96 



80 
70 



91 



89 



76 



78 



73 



80 



82 



78 
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Portal Blood after Ingestion of Starchy Food (continued) 



Sugar 
per 1000, 
expressed 
OS glucose. 

Xr. Kabbit, fed on moistened oats ; killed 4 hours 
afterwards : 

Portaibiood....{J|^~'-ip»;;»^'^«» |-M| 

XII. Babbit, fed on moistened oats i killed 4 boors 

afterwards : 

•D^-i. 1 ui.wwi I before snlplmric acid 1*431 

Portal blood •...j^^, *^„ „ 1-816 

XIII. Babbit, fed on moistened oats ; killed 4^ to 5 

hours afterwards : 

Portal blood .... { ^^ »"llA^<> acid 8-6« 

XIV. Babbit, fed on moistened oats; killed 4i to 5 

hours afterwards : 

■D -A«i ui J / before sulphuric acid 4'590 

Portal blood .... I ^j^^ y^ ^ 5.33^) 

XV. Babbit, fed on moistened oats ; killed 4| to 5 
hours afterwards : 

port.ibiood....{^*^;«'"ip';^"™-;d *.o7« 

XVI. Babbit, fed on moistened oats ; killed 5 to 5i 
hours afterwards : 

Portal blood /before sulphuric acid 1-4H1 

fortaiDiooa .... -j^^f^^ „ „ 1C57 



XVII. Babbit, fed on moistened oats ; killed 5 to 5^ 

hours afterwards : 

•D ^ 1 ui J / before sulphuric acid 1*442 

PortHlblood ....|^t^, f i.gi5 



»> 



XVIII. Babbit, fed on moistened oats j killed 6 to 6i 

hours afterwards : 

•D -A 1 ui J f before sulphuric acid 1*413 

Portal blood ....j^t,, *^„ „ 1-587 

XIX. Babbit, fed on moistened oats ; killed 5 to 5^ 

hours afterwards : 

-D ^ 1 1.1 J / before sulphuric acid 1*693 

Portal blood .... I ^^^^ *^„ „ 1*698 

XX. Babbit, fed on moistened oats ; killed shortly 

after being fed : 

T>^«i. 1 ui^^j /before sulphuric acid 1*407 

Portal blood ....|^^^ *^,. „ 1*707 



Belation of the 

cupric oxide 

reducing power 

of the sugar 

present 

to that of 

glucose at 100. 



73 



89 



86 



87 



88 



89 



90 



99 



82 
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lA finHO^^^ 






^«HP^ 






Bl^^^^K^tT ,1^1 




H Osozone 


rum the sugar of %\ic portul blood of rahbite at a period ai 


igestion, 


^L MuguiilEd 400 dkmeUrg. ^^^^^H 


^H Portal Blood after the Ingsttion of Maltose. ^^^B 


^H Rvktiau the ^| 


^^H ^H 


^^B reducing power ^^H 


^H Sugar of the sugar ^H 


^H per 1000, present ^H 


^H eiprea^ed to that of ^H 


^H D8 g1u<x»e. glucose at 100, ^H 


^m I. Dog, 24 honn after lost food; 32 grama of ^H 


^B iimllose Lii 8Q u.c. of water injected into ^^1 


^H Btomuih througli an trsophageal tubog ^^H 


^H killed 26 niitiiit'^^B aft«r»arda : ^^H 


■ P.».,„o.a....{S;::'""'-'"*-;:Mr }" ■ 
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Portal Blood after the Ingestion of Cane Sugar. 
To ascertain ii cane engar passes as snch into the portal blood, it ie 
ueoessary to resort in the process of analysis to the employment of 
citric acid instead of sulpLnric acid. Alcoholic extraction is under- 
taken in the nsual way, bat at the end of the evaporation sulphate of 
soda must not be used, as the presence of this agent, it is found, 
more or less interferes with the inverting action of organic acida 
npon cane sugar. A less satisfactory prodnct is given for titration, 
bat this is unavoidable. After filtration, preferably through glass 
wool, has been performed, the liquid is brought to a given bulk and 
divided into two portiona. One portion is titrated at once, whilst 
the other is boiled for seven minutes with 2 per cent, citric acid, 
neutralised, and then titi-ated. Any increase revealed by the second 
titration ie representative of cane sugar. 

Sugftr 



per 1000, 

as glucoee. 
Dog, ehortly after having been fed with a little 
meat ; 33 grams of cane eugar in 200 c.c. of 
water inJBCt«d into atoiniuih through an 

words: 


Portal blood. Ist / before eitrio acid. . . . 
portion collected \ after „ .... 


1-333 
1-333 


Portal blood. 2nd /before citric acid. ... 
portion collected L after „ .... 


1-520 
1-532 


Dog, not fed since preyioU« day i 70 grams of 
CHDe BUgBT in 210 c.c. of water injected into 




Portal blood . . . . { If^^ oitri«^acLd. . . . 


3113 
2-113 


Dog, not fed since previouB daj i 70 grama of 
cane sugar in 210 c.c. of water injected int« 
Gtomacli ; killed 30 niiuutes aftemarde ; 




Portal blood . . . . { ^f;;" "^""f"* ; ; ; ; 


1'844 
1-GOO 



\ 



It will be noticed in the first two observations that the figures 
yielded before and after citric acid stand in strikingly close accord. 
In the third a disparity exists which can only arise from error of 
analysis, seeing that the figures after citric acid are lower than those 
before. The inference from these results ie that carbohydrate derived 
from the ingested cane sugar reached the portal blood as glucose and 
not in the atat*) of cane sugar. 



THE LIVRa IN RELATION TO THE SUGAR DERIVED 
FROM INGESTED CARBOTTTDRATES. 



From tho reealts which hai-e preeedod, evidence ia ftSbrdcd that 
ingested carbohydrate matter paasea in the form of augar from the 
alimentary tract into the blood of the portsil ayHtem. By the portal 
syBtem the sugar is conveyed to the Hver, and the next point for con- 
sideration is the rjnefltiou of what now becomes of it. Does it pasa 
through the organ and reach the general circulation, or is it stopped 
and disposed of in some other manner ? 

The examination of this question may be approached from two 
sides : from the one, by comparing the condition of the blood taken 
bcfure and after passing thcongh the liver; and, from the other, by 
looking to the condition of the liver itself, in relatiou to the inttnence 
exerted by the ingestion of carbohydrate food. Let ns seo what 
light is thron'n on the matter by appeal to experimental investiga- 
tion, looking first at the iaformation derivable from an examination 
of tho blood. 



1. Eaidence afforded hy Me Blood of Sugar being slopped by the Liver. 

Seeing, as has been shown in tho preceding pages, that the blood 
of the portal system after the ingestion of carbohydrate matter con- 
tains more sugar than that of other parts ot the circulation, we have 
a fflct to deal with which points in two directions. It implies not 
only entiy of sugar by absorption through the capillary radicles of the 
portal system in the walls* of the alimentary canal, but also exit by 
abatraetion on reaching the terminal capiliaries in the liver. 

It is the latter point, namely, the abstraction of sugar from the 
portal blood by the liver, that we have now to consider, and its con- 
sideration requires that attention ehonld be given to the condition of 
the blood flowing from, as compared with that flowing to, the or^an. 

The portal vein, after entering the liver, terminates in capillaries, 
from whicli the hepatic vein takes origin and passes to empty itself 
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into the inferior cava. The blood, therefoi-e, to be compared is that 
contained, on tbe one hand, in the portal, and, on the other, ia the 
hepatic vein. The collection uf blood in a snibable state Cor examiniw 
tion from the former ia easily made. It is also within the range of 
possibility to make the collection from the latter. It can be done 
during life by passing a properly conatrncted catheter down through 
tbe right JQguIar, the superior cava, the right auricle of the heart, 
and the inferior cava, to the seat of entrance of tbe hepatic veins. 
The operation, however, like other operationB on the living animal 
attended with a distui-bance of the tranquil and natural state, con- 
duces to the production of an altered condition of the blood in rela- 
tion to sugar, and cannot be relied upon to yield the desired informa- 
tion, which mast therefore be aougbt for in some other way. 

How sperdily an alteration in the state of the blood, attended 
with the presence of an abnormal amount of sugar, may take place 
through the influence of altered conditions connected with the liver, 
I illustrated at the outset of my researches, now upwards of thirty 
years ago. From the readiness with which the blood flowing from 
the liver is thus thrown into an altered state, it is necessary that 
close attention should be given, and proper procaiitiona observed, to 
escape being misled ; otherwise, sugar may be met with more or 
less greatly in excess of what is ordinarily present, and the inference 
thence be erroneously drawn that its discharge from the liver takes 
place in a manner that does not natai-nlly occur. 

In dealing with the problem before ns, it is, then, a matter of 
primary importance that the blood taken for examination should be 
iu a state representative of that naturally belonging t,o life. To 
obtain such a specimen directly from the hepatic veins is, I consider, 
a procedure attended with so much liability to the introduction of 
eriwr aa to bo unsuited for employment. With the blood of the right 
side of the heart, however, in which that flowing from the liver is 
present, mixed with that derived from the systemic veins, no such 
difficnlty exists. This is easily obtained in a state representative of 
that naturally belonging to life, and, through its examination, in- 
foi'mation may be indirectly obtained regarding the constitution of 
the hepatic blood of which it in part consists. Later on (wirfe p. Hj4), 
I shall enter into details about the operative procedure to be adopted. 
Saffice it here to slate that I consider the b< st method is to make tha 
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collection inatantly after the sudden destraotion of life. With the 
obaervaace of qaicknees thronghoat, the blood may thas be obtained 
before time haa been given for any change of condition to occur. 

The amount of sugar found in the blood collected from the heart 
in the manner just described ranges, as I have previously stated, 
from about 06 to I'O, or a little over I'O, per lOOO— the amount 
agreeing with that met with in the blood of the ByRtemic veins as ib 
is circulating under natural conditions. If an infius of sugar took 
place through the hepatic veiDH, the effect should be visible in the 
cardiac, on being compared with the general systemic venona, blond ; 
but observation does not show that any recognisable difference exists 
between the two. 

I may mention that it has BOmetimea happened, in my experiments 
for collecting blood for examination from the right side of the heart, 
that, in the haste of manipulation, the scissors have been plunged 
into the chest in too ninch of a downward direction, and that the 
diaphragm and contiguous portions of the liver adjoining the inferior 
cava have been incised, without the heart being touched. Under 
these circumstances, the blood which escaped was derived, in con- 
siderable amount, directly from the divided hepatic veins, but the 
analytical results subsequently obtained showed no perceptible differ- 
ence from those yielded by the blood procured from the heart. 

The position, then, of the matter actually before us for considera- 
tion stonda thns : — -The portal blood, after the ingestion of carbo- 
hydrate matter, contains sugar amounting ix) from about I'5 to 2,3,4, 
or even more per 1000, whilst the blood on the other aide of the liver, 
under similar circamstances, does not afford evidence of containing 
more than from about 0*6 to I'O, or a little over I'O, per 1000. The 
conclusion to be drawn is that the surplus amount of sugar found in 
the portal blood is abstracted from it during its passage through the 
vessels of the liver. 

It will be noticed that what I have asserted is in direct opposition 
to the tenets of the glycogenic theory propounded by Bernard. The 
discrepancy, as shown elsewhere in this work, is attributable to a 
want of' recognition of the fact that the amount of sugar found in 
the blood on the cardiac side of the liver, in the absence of the pre- 
cautions requiring to be observed in procuring it for examination, is 
largely in tixceaa of what is natui-al. 
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Tb.e office performed by tbe liver, of abstrftcting sugar fTOm the 
portal blood, has the effect of maintaining the contents of the general 
circulation in a state of uniformity. If the sugar derived from 
ingested carbohydrate matter wei-e allowed to pass through the liver 
and reach the general circulation, a disturbance of this nniformity 
would be constantly occurring. Such a state of things, indeed, is 
precisely what exists in diabetes. Whilst, in health, tho blood of 
the general circulation ia shielded from variations due to tlie influence 
of ingested carbohydrate matter, and the urine remains impregnated 
(vide p. 186) with only an insignificant amount of aagar, correspond- 
ing with the small amount existing naturally in the blood; in 
diabetes, sugar reaches tho general circulation, and thence the urine, 
in proportion as carbohydrate matter enters the portal system from 
ingewtion. The blood of the portal system, in the natural order o£ 
thiuga, is variable in character, from tho influence exerted by inges- 
tion ; and should it happen that such variability of character ia allowed 
to be transmitted to tho hlooci on the other side of tho liver, the eesuit 
occurring is a proportionate escape of sugar with the urine — in other 
words, the production of the condition belonging to diabetes. 

2. Evidence afforded through the Liver ilsclf of the Stoppage hy it of 
Sugar derived from Ingestion. 

Having dealt with tbe question under consideratioii from, the point 
of view of the compamtive condition of the blood on the two sides of 
the liver, we have next to looli to the state jf the liver itself to see if 
evidence is obtainable of tbe detention of the carbohydrate matter 
conveyed to it by the blood from the alimentary tract. 

In entering upon the examination of this question, I am carried 
back to investigations conducted almost at the commencement of my 
association with physiological research, some thirty -five years ago. The 
announcement had been made by Claude Bernard, in 1848, that the 
liver posseased a sngar-forming function. Bernard had set before 
himself tbe task of aacertainiug what became, within the system, of 
the sugar derived from iugested carbohydrate matter. In tbe proae- 
cntion of his inquiry, he conducted observations upon animals wbich 
bad been kept on food of a saccharine nature, and was led to conclude 
that ho had traced tbe sngaj" throngh the liver into tho general circola- 
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tion as fai- as tlie right side of the heart. In order to prove that the 
Bngai' here met with had been derived from the food, he performed a 
counterpart experiment upon an animal which had been kept upon 
meat only, and, contrary to espectation, still found sugar in tho 
contents of the circulatory eystem, in the same manner as before. 
Here arose the starting point for bis glycogenic theory. At lirst, as 
a part of the theory, he regarded the production of sugar as due to a 
vital process of the natnre of secretion, looking upon albaiiiinoid 
matter as contributing to its formation. Subsequently, however, he 
discovered the body fi-om which the sugar actually takes origin, and, 
from the physiological position which he regarded it as holding, he 
gave it the name of glycogen. In the coarse ot his investigations, he 
found that this material underwent transformation into sugar, not 
only after removal of tho liver from the animal, but even after the 
passage of a stream of water through the vessels, to thoi-oughly wash 
out the blood. He further extracted and isolated the newly dis- 
covered body, and fonnd that it consisted of a carbohydrate. Tho 
announcement of iis isolation was made in the year 1857, 

Up to this time, onr knowledge had not been brought into a more 
advanced position than this. But the new line of research which 
was opened out excited a gi-eat amount of iutei-est in the scientific 
worid, and di'ow various workers into the field of enquiry. 1 stood 
as one of these, and, at the same time, as one who bad been an eye- 
witness of Bernard's experimental work ; and, in the prosecution of 
the researches 1 conducted, I found that the principle which had 
been recognised as the source of sugar in the liver was itself derived 
from ingested carbohydrate matter. This discovery was made in the 
year 1858, and the particulars relating to the subject were given in a 
communication pnblished in the 'Phil. Trans.' for 1860 (p. 579). I 
will here introduce an epitomised representation of the points of 
evidence brought forward in the communication referred to. 

I will direct attention first to the obsei'vations conducted upon 
dogs, and in these observations it will be understood that all the 
animals were in good condition, and in no way specially selected. In 
each case, the dog was fed for some days npon the particniar food the 
influence of which npon the liver it was desired to examine, and was 
then killed by pithing, after being weighed. The liver was at once 
removed and weighed, without the gall bladder and after the blood 
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had been allowed to drain off. lu most instanueu a dotermiuation 
was also made of the amount of glycogen pi-eaent. The process em- 
ployed for the determination of glycogen had not, it should be etated, 
then attained the Hatisfactoiy position of that now at our disposal, in 
which the estimation is cfEocted bj converting into glucose and dotor- 
mininfi; the amount of this principle by means of the ammoniated cnpiio 
test. At that time the plan adopted was simply to boil the liver with 
potash and then to precipitate the glycogen by pouring into spirit. 
This precipitate was weighed and reckoned as glycogen, and, although 
not oonsisting purely of glycogen, it gave a fail- representation of the 
relative amount existing in different livers. 

To serve as a basis of comparison, eleven dogs were killed aEtcr 
being restricted to a diet of purely animal food. In these instances 
the average relation of liver-weight to body-weight was as 1 to 30. 
The actual figures ranged from I to 33, as the lowest, to 1 to 21, as 
the highest, the latter instance standing alone in giving so high a 
relative weight o£ liver. A determination was made of the per- 
centage of crude glycogen precipitate yielded by seven of the livers, 
and the figures obtained ranged from 4'88 to 109S, averaging 7'19. 

To obtain information as to the efibct upon the liver of a diet of 
vegetable food with its preponderance of carbohydi'ate material, five 
doga were fed for several days on barley-meal and potatoes, or, when 
ibis was refused, on bread and potatoes. The average weight of the 
liver was here found to be one-fifteenth of the body-weight, the 
figures expressing the actual ratios standing thus : — 



1 to 


14-5 




14'6 




210 


1 _, 


10-5 




22-5 



Xo anaiyBCB were made of the livers of the first two of these dogs, 
but the qiantity of glycogen, as evidenced by the strongly milky 
character of the decoctions yielded, was unnsnally large. In fact, it 
was whilst examining these livers in relation to the question of sugar 
that I was first led to notice the effect of vegetable food, to which 1 
am now referring. The liver of the third dog was not examined 
until an hour and a half after death. The crnde glycogen precipitate 
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then yielded amounted to 9'87 per cent. In the fourth iustance the 
liver gave 25'30 per cent, of crnde glycogeu precipitate, and in the 
fifth 16"50 pel' cent. The avei-ago perrciitago of crude glycogen pre- 
cipitate for the three livers was therefore 17"2;j, a result standing in 
marked contrast to the amount obtained after animal food. 

In another set of observations sugar was given iu conjanction with 
animal food. The sugar employed consisted of caue sugar— the 
brown or moist eugar in common use. Four dogs were subjected tu 
this regimen. 

1. A nearly full-grown dog was kept for eight days on a diet con- 
sisting of a bundle of tripe, with at first J lb. and afterwards J lb. of 
sugar per diem. The liver-weight was found fo stand to the hody- 
weight as 1 to 13-5, and the liver yielded 12-8 per cent, of crude 
glycogen precipitate. 

2. A young dog was fed for nine days on a handle of tripe and ^ lb. 
of sugar daily. The ratio between liver- and body-weight stood as 1 
to 14'5, the liver yielding 17'55 per cent, of crude glycogen pre- 
cipitate, 

3. A full-grown dog was kept for eight days on a daily allowance 
of a bundle of fa'ipe and ^ lb. of sugar. The weight of the liver stood 
to the weight of the body aa 1 to 26. The percentage of crude glyco- 
gen precipitate yielded was 12-33. 

4. A nearly full-grown dog was fed for five days oo a diet similar 
to that last mentioned. Here the liver-weight wa.s one-fourteenth of 
the body-weight, and the percentage of crude glycogeu precipitate 
15'37. 

The f onr examples here given present, as the average of liver- weight 
to body-weight, the ratio 1 to 15, and an average of 14-5 as the per- 
centage of crude glycogen precipitate yielded by the liver: results 
pretty closely corresponding in character with those observed after 
a diet of ordinary vegetable food. 

In both of these last sets of results it is noticeable that the liver 
is markedly increased in size and weight as compared with what is 
found to obtain aft«r a diet of animal food, and this increase stands 
in harmony with the large proportion of crude glycogen precipitate 
yielded. 

With reference to the observations on the effect of ao admixture of 
sugar with animal food, it maybe incidentally mentioned that I he 
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livet- was found to proaent an appearaneo strikingly different from 
what IB nsiial. After purely animal food it is comparatively dark 
coloured, and of ho firm and fleshy a consistence as to reijuiro eonaider- 
able pressure to break it down between the fingers. After the ad- 
ministration of SB gar, however, the liver was fonnd to be pale coloured, 
with a tinge of pink, and soft enough in consiatenoe to be i-eadily 
broken down by a very sliglit pressure. It had tho appearance of 
being swollen and flabby. 

Another point that is worthy of being mentioned is that in three 
out of tho four instances where sagar was administered, the uriue 
collected from the bladder after death was found to contain sugar in 
the form of glucose, although cane sugar had been adminietei-ed. 

Proceeding now to the experiments on the rabbit, we find that the 
evidence yielded ia such as to show In a simple and conclusive manner 
that ingested carbohydrates Itad to the formation of glycogen in the 

1. A couple of fnll-grown rabbits, as closely as possible resembling 
each other in weight and condition, were taken for experiment. One 
was kept fasting, whilst the other was fed daily for three days, through 
a flexible tabe passed down the oesophagus to the stomach, with 1 oz 
of starch and ^ oz. of grape sugar, made into a semi-fluid mass with 
water. On the fourth day both animals were killed. The weight of 
the fasting animal was 3 lbs. 1 oz., that of the other 3 lbs. 4. ozs. The 
liver of (he fasting animal weighed 1| oza., that of the other 2j ozs., 
or exactly twice as much. 

The liver of the rabbit fed on starch and grape sugar was rich id 
glycogen, yielding 15'4 per cent, of crude precipitate, whilst that of 
the other rabbit only yielded 1'3 per cent. 

In another experiment two half-grown rabbits, likewise as nearly 
as possible resembling each other, were made the subjects of a com- 
parative observation. One was kept fasting, whilst the other was fed 
daily for three days in the same manner as before, with 1 oz. of starch 
and I oz. of cane sagar instead of grape sugar as in the former ob- 
servation. On the foarth day both animals were killed, and the 
examination conducted. The weight of the fasting animal was 1 lb. 
14 ozs., and that of the other 1 lb. H| oz. The liver of the fasting 
rabbit weighed 1 on,, and that of the other 2^ ozs., or considerably 
more than twice as much. The liver of the rabbit fed on starch 
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and cane sugar yielded 16'9 per cflnt. of crude glycog«ii precipitate, 
whilst the liver of the other yielded only 1-4 per cent. 

Aa in the case of the dogs after the administration of sugar with 
animal food, the liTera of the rabbits fed on starch and sugar were of 
a very pale colour, and bo soft as to be I'eadily broken down by alight 
pressme between the fingers. This, as I have already remarked, is 
the condition presented by the liver when rich in glycogen. In an 
instance of unnsual riuhueaa that happened to fall under my observa- 
tion, the liver waa, indeed, so soft as to be almost pnlpy, scarcely 
holding together when taken np by a pair of forceps. 

The I'esult of experience since these observations were made is to 
confirm the conclusion that waa di'awn from them — namely, that the 
ingestion of carbohydrate matter leads to the presence oE an increaKcd 
amount of glycogen in the liver. This, indeed, may now bo I'Bgarded 
as an accepted physiological fact, and it is tamed to account iu the 
practice which is rfsorted to of feeding an animal largely with carbo- 
hydrate matter previously to its being killed, when it is desiiwi to 
obtain glycogen in quantity fi'om the liver. 

Looking, then, to the information derivable alike from the blood 
and from the liver, we find evidence is afforded that the sugar 
emanating from ingested carbohydrate matter is carried to the liver 
by the portal blood and there checked in its progi'ess, instead of heing 
allowed to pa-ss on and reach the general circulation. It is through 
the agency of the hepatic cells that this efEect is prodaced, and within 
them a concurrent accumulation of glycogen has been observed by 
micro- chemical examination to take place. Thus the diffusible carbo- 
hydrate which has reached the portal blood becomes abstracted and 
tranarauted by the hepatic cells into the non-diffusible form of it — 
glycogen. The process of transmutation that here occurs constitutes 
an instance of the carrying down of carbohydrate matter to a lower 
state of hydration, an operation oE the reverse nature of that ivhich 
is noticed to be brought about by agencies acting apart from the in- 
fluence of living matter. The transformations effected in the labora- 
tory by ferment action and cheniical agents are, as is known, trans- 
formations attended with increased hydration. 
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AniTnal Food ae a Source of Glycogen. 

The issae of what has preceded ia that ingested carbohydrate 
matter can be traced from the alimentary canal through the portal 
syetem to the liver, where it becomes stopped in its progrcBs, and 
transformed from the state of sugar into that of glycog'en, with the 
rfiHtilt that the amount of the latter present in the organ fluctuates 
according to the amoant of carbohydrate matter ingested. 

It ia known, however, that glycogen is discoverable in the liver 



apart from the ingesti 
Under a diet of purely 
found to exist, and 
nitrogenous matter 
however, which carri 



of saccharine and starchy articles of food, 
aimal food, glycogen, to a certain extent, is 
its origin has been referred to a breaking np of 
rithin the liver itself. Another explanation, 
sa us back to what takes place antecedent to 
absorption and stands in harmony with the general train of 
events occurring in connexion with digestion, Is susceptible of being 
given. 

In the first place, it maybe said that animal food contains a certain 
amount of sugar. Probably the statement is within the limits of 
trath that no living substance exists which docs not contain proteid, 
carbohydrate, fatty, and mineral matter, and, in accord with this pro- 
position, flesh aud other animal substances consumed as food can be 
shown by analysis to contain free carbohydrate under the form of 
sugar, and, to some extent also, of glycogen. Sngar from these 
sources will, as a result of the ordinary operations of alimentation, 
reach the portal vein and thence the liver. 

Ordinary beef tea may be selected to illustrate the point in 
question, and subjoined is a photo-eugraving of a micro -photograph 
fo the oaazone derived 'rom the sugar present. 
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In the next place, besides the free carbohydrate existing as a con- 
Htituent of animal BabBtancea, there exists, as I have showii in what 
I have said when speaking of the glucoaide conatitution of profeid 
matter, cni'bohydrato in a locked up state. Not ouly is this carbo- 
hydrate susceptible of being liberated by the cleaving agency of acids 
and alkalis, bat likewise by that of ferment action, it having, as a 
matter of fact, been experimentally shown (p. 50) to be set free by 
ordinary pepsin digestion. For the recognition, however, of the 
liberated carbohydrate material, the copper teat is not Batisfactonly 
available, on acconnt of the masking effect of the peptone concur- 
rently produced. With the phenylhyd razine tost, it happens that 
the peptone doeR not similarly constitute a source of difficulty, 
osazone crystals being obtainable in its presence. Subjoined is a 
representation of osazone crystals derived from a parcbased sample 
of peptoniiied meat.* 
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In animal food, then, we have a cer6ain amount of fi'eo carbohydrat* 
under the forms of both sugar and glycogen, and likewise a source of 
oarhohydrftte in the cleavage action of digestion upon proteid matter. 
As with vegetable food, in fact, carbohydrate ia supplied, though to a 
leas extent, for alimentation ; and, in harmony with this, the results 
given by examination of the portal blood maybe taken, I consider, 
as aSording evidence of the occarrence of carbohydrate absorption. 
If reference bo made to the collection of reanlta that have been given 
of the e:xamination of portal blood after animal food, it is noticeable 
that, whilst in neveral instances no positive evidence, it is true, is 
perceptible of augmentation of sugar from absorption, yet in others 
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there are indications pointing to its existence. Moreover, in some of 
tho instances in whicb first and second portions of blood were col- 
lected, the latter allowed the presence of a larger qnantity of sugar, 
suggesting that with the longer detention in the capillary vessels a 
greater absorption ocenrred. It must be Mmembered that with the 
ligature of the portal vein the flow of blood through the liver is 
checked, and that the contents of the circnlation are thereby pre- 
vented from being influenced in the manner that ordinarily ocenra 
as the e&ect of sugar production after death. 

There is evidence, as will elsewhere in thia work be shown, suggest- 
ing that a certain amount of carbohydrate is applied to the formation 
of proteid and fat by the agency of the protoplasmic chemical power 
possessed by the cells of the intestinal villi; audit follows that, in pro- 
portion as the carbohydrate absorbed from the contents of the alimen- 
tary canal is thus diverted, less will hs left for passage in the free 
state into the portal blood. In this way it may happen that the 
evidence of absorption afforded by the portal blood is less certain and 
prononnced than it otherwise would be. 

From the foregoing considerations it is seen that a source for the 
glycogen of the liver exists In animal alimentation in every way com- 
parable to that existing in connexion with vegetable alimentation. 
The only difference is one of degree in the amoDnt of cnrbobydrate- 
supply, and this hai'raonises with the difference in the respective 
amounts of glycogen fonnd to be present in the liver under the two 
kinds of alimentation. 

Anthoritiea speak of glycogen taking origin from proteid matter 
within the liver by a proteolytic action eserted by its cells. It has 
been in this way considered that the presence of glycogen is to be 
acconntcd for under subsistence upon animal food. I have shown, 
however, that another explanation can be given, without looking to 
the liver for the performance of a proteolytic office. The source of 
the glycogen is sufficiently to be accounted for by the occui'rence of 
the same kind of action as that which is in operation after the inges- 
tion of vegetable carbohydrate food. It is the province of ferment 
action to break up and hydrate, and of protoplasmic action to ayu- 
thesise and de-hydrate. The proposition, theiiifore, which I have 
advanced stands in accord with the natural order of events, whilst to 
B that the protoplasmic liver-cells perform the work of ferment 
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action does not. That they should de-hydrate or transmute sugar into 
glycogen is, on the other hand, consistent with what can be shown to 
be aceompiished by protoplasmic matter elsewhere. 



fteneral Melatioiu of Glycogen as a Constituent of the Liver. 

IhavB hithertobecnapeakingof the glycogen of the liver in relation 

to its origin from ingested carbohydrate and proteid substances. I 



its general relations aa a constitnent 
cells by i 



have now to direct attention 
of the liver. 

Glycogen is recognisable in the liver-cells by micro- chemical 
examination, and is represented as existing in a hyaline state, together 
with fat globnles and proteid granules, in the meshes ot the proto- 
plasmic network of the cell. As the result of treatment with iodine, 
the glycogen is brought into view by the red-brown staining that 
occurs. It may be dissolved out by water, leaving the network of the 
cell -protoplasm intact. In spite of its ready solubility, ita extrac- 
tion by water from the liver- substance is not, however, easily to be 
efEectcd, owing, it may be assumed, to its non-diffusible nature. 

It is known that even a diffusible body like glucose requires sedulous 
treatment with water for its complete extraction from the tissues. 
With glycogen, the difficulty is very much greater, aad even after the 
liver lias been brought into a state of comparatively fine subdivision 
by pounding ia a mortar, and has been subjected to succossive boil- 
ings with water until no signs of further extraction are afforded, a 
considerable quantity remains unremoved. If, afterwards, the residue 
be set aside in a little water until the following day, the liquid will 
be found to have become again milky in appearance from the further 
extraction that has ensued. The hame occniTence may be noticeable 
even with several successive daily repetitions of the treatment, and 
finally the residue on examination may still be found to contain a con- 
siderable quantity of glycogen. I drew attention to this circumstance 
in a communication presented to the Royal Society in 1881 ; and 
fi'om the detailed observations therein naiTated I will select one for 
the purpose of illustration. 

A weighed quantity of tbo liver of a recently killed dog was 
reduced to a pulp in a mortar and thoroughly extracted with alcohol 
for the removal of its sugar. The coagulated residue from the 
alcoholic washings was then repeatedly extracted with boiling water 
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till the liquid came away clear, instead of lacteMent, from the presence 
of g'lycogen, as at first. The residne wan kept in a moist state till the 
following day, when the process of washing was repeated. On the 
third and fourth days the procesB was again repeated until in each 
case a clear liquid was obtained. The glycogen in each day's wash- 
ings was estimated by conversion Into glncose and recourse to titra- 
tion with the ammoiiiated capric test. Finally, the residue from the 
successive washings was boiled with potash and poured into spirit for 
the collection and estimation of the glycogen remaining. The figares 
yielded stood as follows : — 







Per lOOn of !i 


exti'acted ot 


1 the 1st day.. 


. . . . nsxi 




iJnd „ .. 


.... 3-87!) 


11 . 


■Svd „ .. 


2-961 




4th „ ., 


.... 2-817 


remaining i 


n the residue . . 


.... 35-14-5 



It will thus be seen that the repeated extractions on the four suc- 
oesBive days removed only something under half of the total amount 
of glycogen contained in the liver. The ahove resalts, together 
with others from similarly conducted observations, show how imper- 
fectly ordinary extraction with water removes glycogen from the 
liver-substance, and account for the small quantity, compared with 
what might be expected, that is not unfreqnently obtained when 
the proceBB of collection by aqueous extraction is adopted. 

The extent to which glycogen is extracted by water is largely 
dependent upon the degree to which the minuteness of subdivision 
of the liver-Bubatance has been carried, as the following experi- 
ment, taken in conjunction with the one that has been given, eon- 
tributes to show. 

A portion of the liver of a freshly killed rabbit was plunged into 
boiling water for the purpose of chocking the loss of glycogen by 
poat-iiwrtem change. It was then pounded in a moi'tai-, and after- 
wards still further reduced to a finely-divided state by being forcibly 
squeezed through muslin. A weighed quantity was now boiled with 
BucceBsive portions of water until no appearance of lacteacence was 
observed. The treatment with boiling water was repeated on the 
second dftj-, nnd again on the third. After the third day's extraction, 
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the residne wa9 once more thoraughlj pounded, and agttin boiled 
with water. The extract yielded was strongly lactescent, notwith. 
standing that the liquid at the end of the previonH washing was per- 
fectly clear. After this fni-thcr extraction, the residue was boiled 
with potash, and the glycogen precipilated by alcohol and qnantita- 
tively determined in the usnal way. The following are the resnlta 
that were obtained : — 

Per 1000 
of lircr. 

Glycogen extracted on the Ist day 36-629 

„ 2nd „ 7-156 

3rd „ 1'904 

„ „ Si-d „ after fnrthei- pounding 6-107 

n the reaidne 6'540 



The presence of acetic acid appears to promote extraction, A 
second portion of the liver made use of in the preceding experiment 
was extracted with snccessive portions of water containing O'o per 
cent, of flj^etic acid. As will be seen from the subjoined figares, 
more glycogen was extracted than where water alone was employed, 

PcplOOO 
of lifer. 

Glycogen exlrapf*d on the 1st day 43-533 

2nd „ 8-085 

3rd „ 2-421 

„ „ „ 3rd „ after further pounding 2-097 
remaining in the residue 1-620 

It is a point worthy of note that, notwithstanding the difficnlty 
with whii;h exti-action is effected by water at 100° C. (212° F.), the 
whole of the glycogen is readily and speedily extracted when the 
operation ia performed under pressure in a digester worked at a 
temperature of about 140° C. (284° P.). Half an hour ia found to 
suffice for the purpose, aa will be seen by reference to the subjoined 
reaultB obtained iu two experiments in which a comparison was made 
through the application o£ the potash procoas. Two rabbits were 
taken, and the livera removed and treated with alcohol for the extrac- 
tion of the sQgar, In each case duplicate portions were submitted 
to comparative examination with the use of the high pressure digester 
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(antodave) and the application of t!ie ordinary polash. process. The 
following were the lignres yielded : — 

Glycogen per 1000 of liver. 



ObB. 1. ObB. S. 

93'015 .... 68-040 



After half an hour's i 

extraction at 140° C, 
After boiling with 10 per cent. 

potash for half an hour .... 91-314 64-242 



C'ofteideratioils regarding the Amount o/ Glijcogen in the Liver. 

The amount of glycogen encountered in the liver presents a, wide 
range of variation. It is gorerned not only by influences in operation 
during life, but also by inBueiices coining into operation after death. 
The former have been in part already referred to, and will be farther 
refen-ed to later on. As regards the latter, the position that we have to 
deal with is this : the liver, like other parts of the system, contains & 
cerlain amount of carbohydrate. The amount, however, in the liver 
is, under ordinary circumstances, much larger than that found else- 
whei-e. In form, it rnainly consials of glycogen, bat, precisely as 
elsewhere, there ia present a certain small proportion of sugar, The 
carbohydrate susceptible of csti-action by alcohol, which ia i-eckoned 
as sugar, hei-e presents a cnpric oxide reducing capacity below that 
of glucose, and sometimes even considerably below that of maltose. 
In the latter caao, something of a dextrin-like nature must obviously 
be present. 

The glycogen is placed under conditions which lead to its speedy 
transformation into destrin and sugar aft-er death, and, unless pre- 
cautionary measures are adopted to check this •post-mortow. trans- 
formation, a loss of glycogen in proportion to the dextrin and sagar 
produced will occui'. In order, therefore, to obtain a representation 
of the amount of glycogen existing at the time of death, it is neces- 
sary either to instantly check post-mortem change, as by rapidly 
plunging the liver of a suddenly killed animal into a freezing mixtare, 
or else to make allowance for the glycogen which bas disappeared by 
conversion into sugar subsequently to death. 

Where the liver is taken after having been dealt with in a manner 
to prevent the post-mortem, production of sugar, the result given by 
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analysis i-epreacnts the aiuouat of gljuogeii correBponding with that 
existing during life, associated with tho augai- also naturally belong- 
ing to life ivliiuh maybe said ordinarily to amount to (rora 2 to 3 per 
1000. Where, on the other hand, tho organ is taken for examination 
in an oi-dinary way, a less amount of glycogen than there should be 
is given, whilst the sugar accompanying it may be found, according 
to the extent to wbieh post-morlem change has occurred, to amoaut to 
8, 10, or 12, or from this to 15, 20, or even, it may bo, 25 per 1000. 
Deduction of tlie amount of sugar naturally belonging to the liver 
during life, which 1 have put at from 2 to 3 per 1000, from that 
found when post-tnoriem. change has not been checked will give the 
amount produced after death, which stands equivalent to tlie amount 
of the transformed glycogen. Fi-om these data it is possible, in tho 
case of the liver taken in an. ordinary manner for examination, to 
estimate, with a close appro \iniation to the truth, the amount of 
glycogen existing at the moment of death. No matter, then, whether 
the liver be taken with special precautions to prevent loss of glycogen 
from post-mortem transformation or not, an estimation of ite amount 
may be made with sufficient accuracy to admit of physiological con- 
clusions being di-awn. 

It must be borne in mind that it follows from what was said in the 
section of this work on "the glucoside constitntion of proteid 
matter " that the analytical results taken as expressive of glycogen 
iuclude the cleavage carbohydrate liberated by the potash process 
adopted. The amount of this material is, however, too small to affect the 
validity of the conclasions deducible from the reaalta, where glycogen 
to any significant extent is present. It stands otherwise, it must bo 
said, where only insignificant figures are yielded. These, in reality, 
may be either wholly or partially due to cleavage carbohydrate, and 
thus ai-e not to be read as necessarily implying that any glycogen is 
actually present, 

The material before me, serving as tho basis of the remarks about 
to be made upon the amount of glycogen found in the liver under 
various conditions, consists of upwards of 200 quantitative eatima- 
tions, extracted from my lafaoratoiy books. These I do not put 
forward aa exhaustive of the matter, but they suffice to afford indica- 
tions of a geneml Datui'e. 

In the process of analysis, the carbohydrate is oatimated in the 
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I'onn of glacoMC, but since the body to be repi^aented is uiie of ttie 
composition CeHmOs inBtead of OjHuOe, it follows that the result 
mnat be multiplied by 09 in order to obtain an expreBRion of the 
trne amount of glycogen present. With the figui-ea that follow this 
haa been done. 

A survey of the results shows the existence of a wide range of 
variation in the glycogen fignres that have been obtained. The 
lower lioait may he placed as low aa 1 or 2 per 1000, or possibly, even 
less. The amounts commonly fonnd range from 4 or 5 to 20 or 30 
or even 40 per lOOO. Such figures as 60, 70, and 80 per 1000 are not 
unfreqnently met with, and I have come across amounts aa large, for 
example, as 120, 122, and 126 per 1000. Theae laat qnantitiea were 
found in dogs which had been specially supplied with food rich iu 
carbohydrates. The animals yielding reapectively the figures 120 
Mid 122 pel" 1000 had been kept for some days upon a diet of sugar, 
bread, meat, and milk ; and the one which gave 126 per 1000, for ten 
daya upon bread and meat. The amount standing next was 114 per 
1000. It was yielded by a rabbit which had been taken without any 
apecial feeding. 

Of the various conditions affecting the amount of 'glycogen in the 
livor the most potent is food. Reference has ah-eady been made (p, 
li:}, et seq.) to the influence of carbohydrate food in leading to an in- 
creased production and accumulation of glycogen, and nothing further 
need here he said with regai-d to it. 

The liver of the youug animal, whether taken in the foetal stage 
or suhaequently, appears to contain more glycogen than is fonnd in 
later life. Amongst my laboi-atory records I find an instance in 
which a dog bad been kept for some days upon a diet of meat and 
sugar, for the purpose of ascertaining the condition of the organs in 
i-elation to glycogen, When killed, it was fonnd to be in pap, and 
the organs of the fnetua, as well as those of the parent, were ex- 
amined. 

The liver of the parent, taken in an ordinary way after death, 
yielded 27 per 1000 of glycogen, accompanied with 22 per 1000 of 
sugar. The livei's of the two foetal pups examined showed reapec- 
tively the presence of 59 and 63 pei' 1000 of glycogen, with 8 and 7 
per 1000 of sugar. 

I have also recorde of the condition existing iu two cats with suck- 
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ing kitteiiB. lu ono case tlio liver of the parent yielded 31 per 1000 
of glycogen, and the livei'B of the kittens, taken togetlier, 42 por 1000. 
No determination of tho MUgar was made in this inataoce. In the 
other, the liver of tho parent wok fonnd to contain 21 per 1000 of 
glycogen, uccompBnied with 21 per 1000 of sogar, whilst the liver of 
one kitten yielded 32 per 1000 of glycogen with 17 per 1000 of 
Hugar, and tliat of anotber 45 per 1000 of glycogen with 10 per 1000 
of sugar. 

The condition of the liver in different animals iu relation to 
glycogen may next be referred to. 1 have befoi'e me the resnlta of a 
nnrabcr of observations which Lave been from time to time con- 
ducted. These I will couaidur in groups arranged under the lieadK 
of the several kinds of animals examined. It will be understood that 
the animals at the time of being taken were under ordinary con- 
ditions, and that in the great majority of the instances the examina- 
tion was conducted in an ordinary way without the observance of 
Hpecial precantions for checking posl-viorleni cliange. Under these 
circumstances, allowance has to be made for the loss of glycogen 
occurring as a poat-ni/irlim event, and in ordei' that this may be done 
the figures representing the KUgar will bo inserted after those espres- 
sivo of the glycogen found. In a certain number of tho instances 
the liver was taken after having been planged instantly after death 
into a froening mixture, whereby the loafl of glycogen hj pott-mortent 
change was prevented. 

Dojf.^In many of the observations before me, referring to this 
animal, tbcre had been a special dieting with carbohydrate food. 
These observations do not properly fall within what is intended to be 
hero I'epresented, and they will therefore bo excluded from consider- 
ation, with the wmark that the figures cxprensive of glycogen were 
largely in excess of those yielded by the liver under tho ordinary diet 
of animal food. In nine instances of dogs fed only upon meat the 
livei-a gave glycogen figures as follows r — 3'3 pei' 1000 (with 17 per 
1000 of sugar), 4-2 per 1000 (with 14 per 1000 of sugar), 5-5 per 
1000 (with 5 per 1000 of sugai'), 87 por 1000 (with 19 per 1000 of 
sugar), 8-9 per lOOO (with 13 per 1000 of sugar), 12-2 por 1000 
(with 16 per 1000 of sugar), 18-0 per 1000 (with 6 per 1000 of 
sugar), 26'4 per 1000 (with 17 per 1000 of sugar), and 39*6 per 1000 
(with 19 per 1000 of sugai-). 
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Cat. — I have a record of a lai^e nnmber of observatioiia upon 
this animal. Is eg me iastEtncsB there had been special dieting 
with bread and milk along with the meat, and with reference to 
these special instances I consider I need not say more than that 
most of the resnlta failed to show an inci-ease of glycogen to any- 
thing like the same extent as that noticed in many of the livers of 
dogs fed in a similar way. In one case, however, the glycogen figui-cs 
stood at 66'3 per 1000 (with 5 per 1000 of sugar), and in another at 
586 per 1000 (with 19 per 1000 of sngai'). In most of the instances 
they were quite low. I cannot nndei'take to I'econcile the discrepancy 
which has been referred to, but tlie snggestion may be thrown ont 
that possibly the cats may not have properly taken the bi'ead and 
mOlc provided. In the twenty-four in.stances whei'e it is recorded 
that the animals had been kept npon meat only, the glycogen figures 
varied fi-om 1-8 per 1000 (with 16 per 1000 of sugar) to 35'3 per 
1000 (with 21 per 1000 of sugar). Only in a few cases did the 
glycogen figures, taken iiTespectively of the sugar, stand higher than 
20 per 1000, and in more than half they stood under 10 per 1000. 

Rabbit. — Twenty -nine observations, including fourteen in which the 
liver had been frozen instantly after death. The highest glycogen 
figures stood at 114-1 per 1000 (with 2'4 per 1000 of sugar). Next 
to these were 93'I per lOOO (with 2'6 per 1000 of sagar), 81-8 per 
1000 (-n-ith 1-1 per 1000 of sugar), and 78-5 per lOOO (with 2-1 per 
1000 of sugar). In five other cases the glycogen figures, taken 
alone, were in excess of 50 per 1000. The lowest figures obtained 
were 5-2 per 1000 (with 46 per 1000 of sugar), 5-8 per 1000 (with 
15-2 per 1000 of sugar), and ?'3 por 1000 (with 28 per 1000 of 
sugar). Tho others ranged between these extremes. 

Bullock. — Two obsei'vations. Glycogen figures yielded — 21'0 per 
1000 (with 24 per 1000 of sugar), and 5-9 per 1000 (with 15 per 
1000 of sugar). 

Calf. — Two observations. Glycogen fignrea yielded — 22'0 per 1000 
(with 21 per 1000 of sugar), and 13-0 per 1000 (with 14 pep 1000 of 
sngar). 

Sheep. — Eight observationa. In two, where the animals had been 
specially fed, nnder my directions, upon barley-meal for three days 
previous to being slanghtereil, the glycogen figures obtained stood 
only at 1'3 per 1000 (with 10 per 1000 of sugar), and 3-4 per 
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1000 (with 15 per 1000 of angar). In ionr, wliBre the animals had 
been specially fed upon maize for two days before death, the livers 
yielded glycogen figarea aa follows :~8-2 per 1000 (with 17 per 
1000 of sugar), IM per 1000 (with 15 per 1000 of sugar), ll'S 
per 1000 (with 25 per 1000 of sugar), and 2V4 per 1000 (with 
25 per 1000 of sugar). In the other two, in which I have no 
record of the nature of the food, and in which the liver was kept 
for some considerable time before being examined, the glycogen 
figures stood respectively at (J-O per lOOO (with 23 per 1000 of 
BUgar), and 0'9 per 1000 (with 30 per 1000 of sugar). 

Fig. — Two observations, Glycogen figures yielded — 6'0 per 1000 
(with 13 per 1000 of sugar), and 8'2 per 1000 (with 7 per JOOO of 
sugar). 

Horse. — Six observations. In two, nothing is recorded about the 
condition of the animal or the nature of the food. The glycogen 
figures yielded stood at 30'0 per 1000 (with 16 per 1000 of sugar), and 
ll'S per 1000 (sugar not determined). In two others, the remark is 
enteredthat the animals were in poor condition, and had been fed on hay. 
The figures representative of glycogen stood at 12'8 per 1000 (with 
12 per 1000 of sugar), and 11*0 per 1000 (with 3 per 1000 of sugar). 
The remaining two animals had been specially fed upon maize for two 
days before being killed. One is described as being old and in bad 
condition, and here the glycogen figures obtained were 29-5 per 1000 
(with 15 per lOOO of sugar) ; the other was in fair condition, and in 
this instance the glycogen figures yielded were 73'1 per 1000 (with 
20 per 1000 of sugar). 

The conditions ordinarily attaching to the butcher's slaughter- 
house are not such as to conduce to the liver being found rich 
ycogen. There is, for iustaoco, the more or loss prolonged 
interval between the withdrawal from the accustomed conditions of 
stall or pasture and the arrival at the market, with the fatigue 
idental to the journey. Then, there is the indefinite period of deten- 
1 in the slaughterhouse. And, finally, the liver, after death, is 
likely to remain for a longer time under conditions permitting of loss 
of glycogen hy poet-inortem transformation than is allowed to be the 
case in the laboratory. 

In the case of the horse the amoant of glycogen is seen to range 
higher than in that of the animals from the butcher's slaughterhouse. 
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It appears from the atatements of other obsGrvers, that horBefiesh is 
coincidently rich in glycogen. Apart, however, from any specific 
difference that may csiat, there ia the point for cousidevation that tho 
horse has usually been less nonaturally circumstanced previous to 
death than the other animals in question, on account of its not having 
had to nndergo the sufferance involved in passing through the market. 
Although, it is true, many horsea are killed on account of old age, or, 
it may be, some internal disease, yet it fi-eqnently happens that the 
animal is merely disabled from work by a local affection of the legs, 
which need not dei-ange its general health. 

Domestic Fowl.— One observation. Glycogen figures yielded — 2'i 
per 1000 (with 3-8 per 1000 of sugar). 

Ormise. — One observation. Glycogen figures yielded — 1'7 per 1000 
(with 37 per 1000 of sugar). 

Tortoige. — Two observations. Glycogen figures yielded — 217 per 
1000 (with 2-2 per 1000 of sugar), amd 867 per 1000 (with 1-4 per 
1000 of sugar). 

Frog. — One observation. Glycogen figures yielded — 43'3 per 1000 
(with 17 per 1000 of sugai'). 

Cod-fish. — Two observations. Glycogen figures yielded — 1'8 per 
1000 (with 1-5 per 1000 of angar), and 4-0 per 1000 (with 2'6 per 
1000 of sngar). 

Mackerel. — Due observation. Glycogen figures yielded — 2'2 per 
1000 (with 3'0 per 1000 of sugar). 

Salmon. — One observation. Glycogen figures yielded — 0'4 per 1000 
(with S'6 per 1000 of sugar). 

Lobster. — Three observations. Glycogen figures yielded — 3'0 per 
1000 (with 2'0 per 1000 of sugar), 5'0 per 1000 (with 3-4 per 1000 
of sugar), and 20 per 1000 (with 2-5 per 1000 of sugai-). 

Crab. — Two observations. Glycogen figures yielded — 27 per 1000 
(with 81 per 1000 of sngar), and 8'3 per 1000 (with 4-6 per 1000 of 
sngar). 

Oyster. — Five observations. Glycogen figures yielded— 27"5 per 
1000 (with 2-3 per 1000 of sugar), 9-9 per 1000 (with 2*2 per 1000 
of sugar), 27'2 per 1000 (with 1'5 per 1000 of sugar), 41'4 per 1000 
(with 2'8 per 1000 of sugar), and 13-5 per 1000 (with 4*5 per 1000 
of sugar). 

Mussel {MytHtM edviis). — One obaervation. Glycogen fignrcs 
yielded— 17-4 per 1000 (with I'fl per 1000 of sugar). 
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Hnviag imit with the csrbohjdnte matter wlucli eicLtta in the 
livtr llDdor the fonu of & iri&tcrial ineolable in alcohol and devoid of 
(lupric oxide ndaointf power — thnt in, a. material compreheDded nnder 
tha teiin glycogen — T liavo neit to treat of the carbobydrat« matter 
Kitabls III ftloohol, ponnnti^d of copric oxide redncing power, and 
ijomprahoiidod nndar the goneitil term sugar. This latter, whilst 
furmlii^ a coniititiiont of the liver, ia likewise, ax will further aa be 
ahuwn, found to bo pruxont nniverBally throughout the tiBSues aud 
orKiiim of the aulmal tijriitom, as fur as ihcy have beeu examined. 

If the uitrliohyd rate now being considered is merely subjected to 
lh« nrdiimry prneoMaM of lUgav detection and sngur deteriniuB.tioD, the 
Inronimtion !■ iiotyintdud timt is iieeesswy for supplying a know- 
Iviigv of ill ehai-auter, or form. It would under the circnmstances 
lirvMiiiiiably bt> tnheii iih ootiMiating of glucose, whilst in reality the 
fwni of lugur prtwenl might bo different, If, however, it is subjected 
iothi> pfoeoiN of oxRiniiintion to which I have resorted in my investi- 
gnllontti » protwu whioh ombnu-os the determiaation of the capric 
luidt) rvduiutiff poww tn^foro Hud nftrv boiling with snlphotio acid, 
tl*tH HIV HfTtniltHl for supplying more extended information, and it 
WMjr b« (\tntikl tliat, iiistoad of glucose, wo ar« dealing with a prodact 
vl toww eu)trio uxido i-oducing power. Th« onprie oxide redncing 
)iww(ti\ tudM^I, Ihkl iu difftfrvnt iustenoes m»j b* mot with is fonod to 
yry fKw » Kvw on* upwanU, in ttw bmhumt th»t wo«M occar fran 
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Examination of the liver reveala tbe existence of a cerbaia a 
sugar. The amount found varies according to the conditions 



under whiuli the examination is made. If the orgau be taken in such 
a manner as to represeat as closely as possible the condition belong- 
iug to life, the sagar met with is insignificant in amount, whilst, if 
time be allowed to elapse betweeu the death of the animal and the 
removal of the liver, sugar is found to be largely present. 

In 1860, through a communication presented to the Eoyal Society 
and published in the ' Transactions ' for the following year, I bronght 
under notice the difference existing in the condition of the liver taken, 
on the one hnnd, at the moment of death, and, on the other, a short 
time afterwards. 

Previously, from the time of the promulgation of Bernard's glyco- 
genic theory, the strongly saccharine condition of the liver met with 
under ordinary examination after death had been looked upon as 
representing the condition normally existing during life. I had, a 
short time before, made the discovery that the blood of the right sido 
of the heart was not in the saccharine condition during life that had 
been previously inferred from the examination of blood removed in 
an ordinary manner after death. Although I had thus recognised 
the difference in the ante-viortem and ordinary post-mortem states of 
the blood, yet, in common with others, I had not at the time any idea 
that the saccharine state of the liver revealed under the method of 
examination then adopted was likewise due to a post-mortem change. 
Not being able to understand how the difference in the two states of 
the blood was to he accounted for, I was driven to look to the liver in 
search of an explanation. I first tried the effect of injecting blood at 
different pressures through the organ after death to imitate different 
states of blood pressure in the vessels, and ascertain if this inSaenced 
the escape of sugar. On failing to obtain any satisfactory informa- 
tion from these experiments, the idea occun'ed to me to subject the 
liver to examination to see whether there might not be the same 
difference between the ante-mortem, a.nA. -post-morlem states aa had been 
noticed in the blood. I did not start with the expectation that any. 
thing wonld issue from submitting the question to the test of ob- 
servation, but I nevertheless considered the matter worthy of trial, 
and hence resolved to endeavour to obtain from the liver a repre- 
sentation approaching as closely as possible to that of the actual 
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living state, bj supplying conditions at the instant of death to pre- 
vent iiic occnrrence of post-mortem, cliaDge in relation to sngar. 

It was known that the liver contained a snbatance susceptible of 
rapid tranHformaliioa into sugar by ferment action, and that a ferment 
capable of effecting tbe transformation was present. The object, 
therefore, to be attained was to deprive the ferment of activity at the 
instant of death. 

In my first experiments I sought to effect this by injecting a strong 
Bolntion of polafth into the liver through the portal vein. As the 
reaalt, traces only of sugar were afterwards found in the otpan. 

Subsequently, I resorted to a method of eiperimenting in which 
the desired object of checking posl-morlem ferment action was at- 
tained through the simple physical agency of alteration of tempera* 
tnre. By sufficiently elevating the temperature, the ferment is 
coagulated and its activity destroyed, whilst, by aufSciently lowering 
it, ferment action is suspended. 

Plunging a portion of liver, excised as quickly as possible after 
death, into boiling water leads to the deatmction of the ferment, and 
thns prevents any Hubsequent production of sugar. Obviously, how- 
ever, the eSect of increase of heat up to a point short of that neces- 
Hary for the destrnction of the ferment will be to promote trans- 
formation, and it must be borne in mind that with a thick mass of 
liver an appreciable amount of time will be required for the effectual 
penetration of the heat to the deeper portion, in which the oppor- 
tunity will thus be given for the occurrence of a certain amount of 
change. In spite of this circumstance, I found, on performing the 
experiment, that the condition presented by the liver in relation to 
sugar stood in striking contrast to that which had been previously 
aapposed to belong to it. 

By immersion, on the other hand, in a freezing mixture, as of ice 
and salt, fennent action is checked, without the ferment being 
destroyed. Contrary to what occurs with the application of heat, the 
effect of exposure to cold operates continuonsly in the desired direc- 
tion, the energy of the ferment being diminished in proportion as the 
temperature is lowered, nntil it is brought to a state of inactivity. If 
the liver to be examined is only of moderate thickness, as is the case 
with that of tbe rabbit, it will become frozen throughout with suffi- 
cient rapidity to effect what is wanted ; but if a thick mass of 
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material hua to be dealt with, such as occurs with an excised portion 
of the lirer of a dog, a few incisions shoald bo made across Jt to pro- 
mote the more rapid penetration oE the freezing inflacnce. 

Upon the grounds just stated, it will be intelligible that, of the two 
methods of checking post-inorlein change, that by freezing may be 
regarded as preferable ; but it must not be forgotten in its ap- 
plication that the ferment has not nndergone destruction, and that, 
therefore, the capacity for sugar production still exists, and will come 
into play shonld the opportnuity be given, in the succeeding processes 
of preparation for examination, Eor it to do so, Observation, in fact, 
shows that a piece of frozen liver which has been allowed to thaw 
and is afterwards sot aside at an ordinary temperature contains in 
some hours' time about as much sngar as a piece of the liver which 
has not been frozen. 

The ice and salt mixture employed should be prepared about half 
an hour before it is wanted for use, in order that the occnrrence of a 
certain amount of liquefaction may place it in a favourable position 
for acting rapidly upon the immersed piece of liver. A minute or 
two will then be found to aufiice for bringing the specimens into a 
hard, frozen state. 

At the now distant period when this method of experimenting was 
initiated, the snbseqaent treatment of the frozen liver consisted 
simply in the preparation of a decoction and the examination of this 
for sngai' by boiling in a test-tube with the copper solution, For the 
preparation of the decoction, thin slices were pared off the frosien 
liver and pounded to a pulp in a cooled mortar. 

A capsule with a little water in it was next placed over a flame, and 
after the water was brought to a brisk state of ebullition, the liver 
palp was introduced into it, a little at a time, in a manner to secure 
the instantaneous destruction of the ferment. After a few minutes, 
the liquid was strained off, and a portion of it boiled in a test-tnbe 
with Fehling's solution, when it was found that, instead of the 
mediate and copious formation of yellow or red precipitate 
countered in examinations of the liver conducted withoat the 
observance of the precautions referred to, the contents of the test- 
tube remained blue, and only after standing exhibited a slight 
sidence of red oxide particles. 

Such was the method of experimenting by which I showed the 
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fallacy of taking the results of ordinarily conducted examinations of 
the liver in sl post-vwrtem state as representing the condition existing 
during life. The sti'onglj' saccbwine condition of the liver, which 
had been en'oneously assumed to represent the pbysiologieal state, 
formed one of the two main points of consideration that led to the 
evolution of the glycogenic theory propounded by Bernard ; the other 
main point being the character taken to belong naturally to the blood 
issuing from the liver, which I shall, later on, show to have been 
equally founded on eiTor. 

Since the time when my original experiments were conducted, con- 
siderable advance has been made iu analytical procednre, and we are 
now placed in a position to express ourselves in langniage other than 
that founded npon the results of mei'e qnalitatice testing. 

Through extraction with alcohol, subjection of the product to the 
inverting action of sulphurie acid, and the employment of the 
ammoniated cnpric test, we can now not only express in definite 
numerical terras the precise amount of sugar existing, but also indi- 
cate the nature of the sugar that is present, 

In the application of quantitative determination to the frozen. 
liver, t!ie process to be adopted is as follows : a weighed portion of 
the pulp obtained by pounding in a cooled mortar is treated with 
alcohol in a manner to secure the thorough extraction of the sugar. 
Once thoroughly permeated by alcohol, the liver substance is no longer 
in a condition to undergo change. Through the influence exerted by 
the spirit, the ferment is thrown into a state of suspended activity. 
After dividing the product of alcoholic extraction into two portions, 
one is titrated at once with the ammoniated cnpric test, whilst the 
other is titrated after having been previously subjected to the in- 
verting Influence of sulphuric acid. From the two sets of figures 
obtained information is given concerning the character of the sugar 
present. 

The amount of Hngar encountered in the experiments that I have 
conducted, in the manner described, upon the dog, cat, and rabbit, 
hna been found to stand at about 2 to 3 per 1000, hut I have amongst 
my records instances in which it was found to stand as low as about 
1 per 1000. If the removal and freezing of the liver have not been 
expeditiously performed, higher figures must bo looked for. 

The amount of sugar, on the other hand, ordinarily encountered in 
ft liver removed a few minutes after death, and not subjected to 
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Bpemal treatment for the ai'rest of ferment action, may be naid to 
stand at BOmevrhere about 12 to 15 per 1000 ; more will be found bb 
time goes on, and, after the lapse of 18 to 24 hours, the quantity 
ordinarily met with amouats to from about 20 to 30 or 35 per 1000. 
Naturally, the amount will vary, according' to the circumstances, as 
regards temperatai'e, &c., ejieting. A neccBsary factor for the 
occurrence of sugar production is, of coui-se, the pi-esence of glycogen, 
but I think it may be said that when glycogen is present in very 
large quantity the production proceeds less actively and less exten- 
sively than wben it exists in moderate amount. It seems as if the 
ferment power became lessened by the large accumulation existing. 
Apparently, a more active production occurs where the liver is allowed 
to remain full of blood after the destruction of life tban where the blood 
has been permitted speedily to escape fivra the vessels. The amount 
of sugar found after the lapse of a few minutes from death aa com. 
pared with that found after the lapse of several hours shows that the 
production proceeds with much greater activity at first than it does 
later on. 

As representative examples of the state existing at the moment of 
death, I may give the results of foui' experiments performed in the 
Research Laboratories of the Hoyal Colleges of Physicians and 
Surgeons whilst the manuscript for these pages was in course of 
preparation. Four healthy good-sized rabbits were taken, without 
selection, from a hutch. After death by pithing, the livers were aa 
expeditioasly aa possible removed and plunged into a freezing mix- 
ture, and subsequently dealt with in the manner that has been 
described. 



Amount and Nature of Sugar found in the Liver proniftly removed and 
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To give completencBB to the esperimentB, qnantitative determina- 
tions of the glycogen wore made, and the amonnte fonnd stood as 
foIIowB : in rabbit A, 76 ; B, 59 ; C, 7 ; and D, 114 per 1000. 

I have given examples representative of the Btate of the liver in 
relation to sugar at the instant of death. I will now give farther 
examples, also consisting of recently performed experiments, in illns- 
tration of the difference found to exist in the state of the organ at the 
instant of death and at subsequent periods. Two rabbits were killed 
by pithing, rapidly opened, and a portion of the liver of each excised 
and plunged into a freezing mixture. A few minutes later, the other 
portion waa removed, part of it taken at once for examination, and 
the remainder set aside until the fallowing day, when it was Eilso 
taken for analysis. 



Amount and Nature of Sugar in the Liver at the Moment of Death 
and at siil)sequent periods. 



Babbit E. 




r before buI] 
1. after 

r before 
1 after 
J" before 
■[after 

/before 
{after 
r before 
i after 
/before 
t after 


Sugar f 

T 

mricacid.. 2 


«rlO00, 
000 


Cupric oiide 
reducing power 
of the Bugar 

tion to that of 
glucose at 100. 

1 88 

1 93 

j. 92 
} 95 
}glu«,se 


Liver, a. few minute 


12 

„ .. 12 
„ .. 34 

„ .. 36 

„ .. 


940 
940 

340 
820 

980 


Liicr, left till 
following day . 

Eabbit F. 


the 


LiTBf, a few mil 


.i. 


„ .. ll'BfiO 
„ .. 13 130 

„ .. 33-380 
„ .. 32-53U 


liver, left tiU 
following day. 


th 



I 



Ab regards the natni'e of the sugar, it ia to be stated that, whilst in 
the liver taken ordinarily after death the sugar present is usually 
in the form of glacose, that met with in the frozen liver ia usaally, 
on the other hand, found to possess a cuprio oxide reducing power of 
a lower degree — a cupric oiideredncing power, indeed, often approach- 
ing or even, it may bo, standing below that of maltose. 

The following are photo- engravings from micro -photographs of 
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I erystalB yielded respectively by the livei* frozen at tlie 
instant of death and the liver taken ordinarily after death. 




Oanionp ccvEtuls from tlie sugar of a rabbit's liver froit'n inatantlj after dtiith. 
Magnified 400 diameters. 
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Aciculsr ghicoiuiraiie crjgtale from tlic sugar of a dog's lirer labcn in mi 
ordinarj wb; after dratli. Hagnifled 400 iliametera. 

Whilst it is necesBaiy, in dealing with the liver of the warm- 
blooded animal, to observe the precautions which I have parfcicnlar- 
\ned in order to obtain a corcect repi-eaentation of the state belon^ng 
to life, in the case of that of the cold-blooded animal the conditions 
are such as not to require that similar expedients should bo had re- 
cnurae to. With the low body temperature eiinting, there is not the 
same rapid post-mortem production of sugar occurring, and, if no un- 
necessary delay is permitted, an ordinarily conducted examination 
suffices. Subjoined are examples of the condition met with in 
animals of this kind, and I will allow the Ggnrea to apeak for them* 



r 



LITXR Uf COLD-BLOOCEl) AlUMALS. 



Amouni and Nature of Sugar in Lioers oj Cold-hlouded Ani-iiuds. 
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The above three observations were coudacttd during an October 
moutb. The teroperatiire was mild for the timo of year. The 
animalB were killed, and the livers afterwards in an ordinaiy way 
removed and submitted to analysia. In the case of the frog, fifteen 
livers were taken for the analysis coadacted. A large amount of 
glycogen in each of the observations was found to exist. 

The frog may be made use of to exemplify the modifying influence 
eserted by the body- temperature existing at the time of death upon 
the I'esnlts obtained from an oi'dinarUy- conducted examination of the 
liver. The above figures were derived from frogs exposed to ordinary 
conditions in an atmosphere, aa stated, of medium temperatiii'e. A 
diffei^nt result would have been obtained if, previously to death, the 
body- temperature had been raised, as is suseeptible o£ being done, 
by placing the animal in an artificially- heated atmosphere. Under 
these circumetauoes, the liver is found to stand in a position corre- 
sponding with that of the warm-blooded animal. 

I have referi'ed to this matter in my previous writings, and in 
these writings I cited an experiment in which I exposed frogs for a 
couple of hours to the influence of a temperature of 32° C. (90° F.). 
An examination of the livers, conducted in the ordinary way, revealed, 
with the employment of Fehliug's solution, the pieaeuce of a notable 
amount of sugar, whilst the livers of a duplicate set of frogs which 
had not been similarly exposed to the elevated temperature failed lo 
give evidence of a similar nature. 

The phenomenon to which I have been alluding did not escape the 
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notice of Bernard. In tlie ' Comptes Bcndos ' of the Academy of 
Soieiices, March, 1S57, lie stated that hy lowering the temperature of 
a batch of frogs sugar may be made to disappear from the liver, 
and that oa afterwards exposing them to warmth it is found to 
I'oappear, He addei that it is possible to produce this singalar alter- 
nation of appeai-ance and disappearance of sugar several times, 
without any food being given, solely by acting upon the cii'Cula- 
tion through the medium of temperature. Whilst thus noticing 
the fact, Boi'Dui'd missed its true iutei'pi'otation, which is connected 
not in reality with life activity, but with activity coming into opera- 
tion after death and contingent upon the temperature that may 
happen to exist. 
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The above livers were obtained from the fishmonger, aud v/era 
therefore derived from animals which had been for some time dead. 
Aa often happens with livers obtained from the vai'ious animals 
employed for consumption as food the total amount of carbohydrate 
matter was found to bo small. Unless glycogen is present in quan- 
tity at the time of death, there is not the source for a large amount 
of sugar, and, in the case of the fish in qaestion, the amount of 
glycogen found associated with the sugar waa small, ranging below 4 
per 1000. 
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III is noticeable that tlie amount of sugar found in the case of the 
crabs waa much larger than in that of the lobaters, and it is to be 
remarked that, whilst the lobsters when taken for examination were 
in a lively and active state, the crabs, on the other hand, Bhowed 
scai'cely any signs of life. The amount of glycogen present was in 
each instance small. 

MoUusk.—FTom the gi'onp of the Mollnsca I have taken the oyster 
and massel for examination. The liver does not here exist in a 
separate form, as in the higher animals. It is interwoven with other 
stractnres, and these were included in what was taken for analysis. 
So large a proportion of the animal, however, consists of liver that 
the figures obtained may he regarded as in the main belonging to it. 
The following ai-e representative examples drawn from the recorded 
analyses before me. The animals were taken in the freshly- opened 
state : — 
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From what will be adduced fnrther on (p. 1&4, ei seq.), when refer- 
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encQ IE made to the sugar ejiisting in other atructures of the body, it 
will be Ecen that, iaking the condition at the mcmEnt of death, lio 
material difference is discernible between the liver aud these other 
ati-uctiires. In the spleen, for example, and the pancreas, kidncj, 
brain, lung, placenta, and the same is true of the egg, sugar is 
invariably to be found; and, sammarily expressed, the amount may 
be said to vary from about 1 or 2 to 3 or 4, and occasionally more, 
per 1000. In muscle the ordinary range stands rather higher, and 
qaantities of 6 and 7 per 1000, and even beyond, are sometimes met 
with. 

Looking, tlierefoi-e, to the state existiog at the moment of death, 
we find nothing, as far as sugar is concci'ced, to lead us to view the 
liver aa standing in a different position from the other structures of 
the body. There is this, however, that is distinctive as regards the 
liver ; the amount of glycogen, due to tlie position in which the 
organ is placed in i-elation to ingested carbohydrates, is, under 
normal conditions, much larger than elsewhere ; and, in addition, 
there is prcBent, or, it may be, tliei-e becomes developed, at death a 
veiy energetic sugar-forming ferment. 

It is throQgh the coexistence of these two factors that the capacity 
cKiHts for the rapid and extonsive production of sugar that is noticed 
at a suitably elevated temperature to occnr. Aa far as the glycogen 
is concerned, there is the capacity during life, but obviously there 
must be a restraining or inbibitoi-y inflaence in operation preventing 
the ferment change which occurs after death. It is not permissible 
to suppose that the same femieut change is taking place daring life 
that is observed after death, and that tho removal of the resulting 
sugar by the circulation constitutes the only difference eiiating ; for, 
apart from other considerations elsewhere adduced in this work, 
which sufficiently negative such a proposition, the following argu- 
ment stands in contravention. 

From observation, it may be stated that sugar is produced in the liver 
during the first few — say ten — minutes after death to the extent of 
about 10 to 12 per 1000. With an average amount of glycogen present, 
even assuming the liver of the rabbit to be taken in which the amoont is 
larger than in many other animals, it is shown by calcalation (based 
upon a proportion of 50 per 1000) that the whole would disappear in 
about throe- quarters of an hour if the production of sugar took place 
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&t the rate above mentioned. Further, in the case of the camivorons 
animal, from the emallness of the amonnt of glycogen exiBtiog, it 
wonld aometimes happen that only a limited number of minutea 
would be required for a total disappearance to occur. It ia true that 
whilst digestion and absorption are g'oing on a formation of ffljcogi-n 
is taliiug place, which would have a countei-balanciBg effect. At a 
period of fasting, however, no anch source of proiluction exista, and 
yet, after a fast of twenfcy-fonr or even forty-eight hours, a consider- 
able amount of glycogen is ordinarily found to be present, it being 
only after more prolonged fasting that it may be expected to be 
absent. 

The train of reasoning that I have adduced does not stand upon a 
mere postulatory basis. Under certain conditions, which may be 
evoked experimentally, sugar is actually produced in the liver during 
life. As a result, it reaches the general circulation, and thence the 
nrine, which thus becomes an indicator of the state of thing.s existing 
within. Tears ago I noticed, and was struck by, the short time 
sufficing for the liver to lose its glycogen in experimenta attended 
with the artificial production of glycosuria. With animals killed at 
the end of an hour, or even less, 1 often failed to ohserve the presence 
eitJier of sugar, by rough testing with Fehling'e solution, or of 
glycogen. The inhalation of carbonic oride, either directly, mixed 
with air, or indirectly, employed in the form of pufi-ball smoke, con- 
stitutes one of the conditions leading to the production of sugar in 
the liver and its passage into the blood and nrine. I have reeently, 
with the improved methods of analysis now at command, condncted 
experimenls of a quantitative nature. In these, the blood collected 
at the instant of death showed the presence of an abnormally large 
quantity of sugar, the amount standing in one instance aa high as 
i'SS per 1000, The livers were taken without subjection to special 
treatment, and thua attention required to be given to the amonnt 
of sugar present, as well aa that of glycogen, in order that loss of Iha 
latter from posl-moriem cbange might not escape consideration. In 
the case of a cat, anbmitted for a quarter of an hour to the influence 
of pnff-ball smoke, the glycogen figures stood at 5'05 per 1000 and the 
sagar at 13'G9 per 1000, both expressed as glucoae. In that of 
another cat, submitted to similar treatment for half an hour, the 
glycogen figures stood at 310, and the sugar at 4'94 per 1000. In 
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th&t of a dog, similarly treated for tbree- quart era of an honr, the 
fignres for glycogen were 4*27 per 1000, and for sugar 1*05 per 1000. 
The position pertaining to life appears to bo an anomalous one, 
bat in reality it may be said to Im analogous to that which obtains in 
relation to the coagulation of the blood. Hci'C the factors tendiug to 
produce, coagulation are prevented normally during life from coming 
intfl play, but are pecraitted to do bo after removal of the blood from 
the vessels. The analogy, even, may be followed further, for con- 
ditioufi may arise which permit the blood to coagulate whilst con- 
tained in the living vesBels, and in like manner the liver may be 
placed under conditions to poi-mit of tho manifestation of ferment 
activity, resulting in the production of sugar, its passage into the 
circulation, and its escape with the urine. 

Production of Sugar in the Liver after its Semoval and the PaSKt^e of 
a Stream of Water through its Vessels to wash out the Blood. 

It was discovered by Bernard, at an early period of his investiga- 
tions, that in the liver -substance washed free from blood the capacity 
exists for the production of sugar. IE means be adopted to connect 
the portal vein with a watei--tap, and the tap be turned on, the water 
passes through tho continuing vessels and escapes from tho hepatic 
vein, carrying away the blood, and at tho same time sugar and a 
certain amount of glycogen. During the praeesa the liver becomes 
enormously swollen and cedematous, and likewise loses its colour. If 
it is subsequently placed in a position for ferment action to occur, 
sugar is foand to be piwduced. Whilst such, from Bernard's time, 
has been known, nothing has hitherto been said about the nature of 
the sugar that is formed. 

Upon the strength of the collection of results before me, tho state- 
ment may bo made that the liver- substance contains a ferment 
possessing a glucose-forming capacity, but that a variable kind of 
sugar product is met with. 

Whilst a product with a cupric oxido reducing power more or less 
considerably below that of glucose is ordinarily enconntered, glucose, 
on the other hand, may happen to be found. It has appeai'ed to me 
as though there has sometimes been an extensive amount of glycogen 
transformed into a product of low cupric oxide reducing power, and 
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at other times a less amouut oF material trantifui'iued, with the ac- 
quirement of a higher degree of cupric oxide reducing power. 

The effect of adding blood to the washed liver is to increase 
materially the amoant of sugar produced. As regards the nature of 
the sugar formed, nothing more definite can bo said than that a con- 
siderable variation has heen noticed in the cupric oxide reducing 
power of the product found to be present. 



Production of Sttgai 



i Inver Substance previousli/ Coagulated b 
Alcohol. 



s that, in the one 
\ the change to the stage of 
3 to a sufficient extent to lead 



It is liver-snbstaaco in a fresh state which has thus far formed the 
subject of consideration, and nothing is deducible from the informa- 
tion that has been supplied which can bo taken as pointing to the 
production of sugar being other than the result of simple ferment 
action independent of connexion with vital activity : an action com- 
parable to that exerted by the ordinary amylolytic ferments — diastase, 
ptyalin, &c. The only difference that it 
case, the capacity exists for carrying o: 
glucose, whilst, in the other, it only exisf 
to the production of maltoHe. 

I now proceed to show that the liver- substance, after subjectioo tu 
the coagulating inSnence of alcohol, still retains its capacity for 
sugar pi-oductiou — a fact which affords absolute proof, if indeed the 
idea coald now exist in the mind of anyone that proof were wanting, 
that the phenomenon is not dependent upon the metabolic power 
resident in the living cells of the liver. 

After coagulation by alcohol, the liver- substance is not prone to 
undergo change on keeping, and consequently may be preserved for 
any length of time in a condition convenient for the purposes of 
experiment in connexion with the question of ferment action. This 
question in its bearings upon the liver I have somewhat extensively 
studied, and in the succeeding pages I will give an account of the 
results obtained. 

The liver selected for use should be one containing a fair amount 
of glycogen, and should be taken before loss of glycogen by trana- 
formation into sugar has been permitted to any marked extent to 
occur. After being thoroughly reduced to a pulp in a mortar, it is 

L 2 
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placed in a sufficiency of alcohol to fully secnre coagulation. The 
alcohol is afterwards straiued off, and with it is removed the greater 
portion of the sugar that may happen to hav^B been present. The 
coagnlated material is now aUowed to dry, either spontaneously or 
over anlphuric acid in a desiccator. Heat mast not be employed, 
unless the temperature be kept below the point at which the f6rm.ent 
becomes destroyed. 

If the liver-snhstance thus prepared be treated with water and 
exposed to moderate warmth, change ensues, attended with the pro- 
dnction of sngar. To reveal this sugar-production the employment 
of an analytical procedure is necessary, and a determination mast be 
made, not only of the amount of sugar in the product at the end of 
the experiment, but also of the small amount existing in the dry 
material that escaped rem ova I with the alcohol used in the preliminary 
step of coagulation : tlie figures for this reqairing to be deducted 
frara the otiiera in order to obtain a representation of the actual 
amount of sugar produced. 

The process I haTe raentionQcl as being in general nse in my in- 
veatigations supplies the information that is wanted. The sngar, 
after being fully extracted with alcohol, is estimated by titration with 
the copper test, before and after boiling with anlphurtc acid. In this 
way both its amount and nature are revealed. 

The residue from alcoholic extraction is, in the nest place, sub- 
jected to boiling with potash and treatment with spirit to precipitate 
the glycogen present. The amount of this is subiiequently ascer- 
tained by conversion into glucose by the agency of sulphuric acid 
and the employment of the copper teat. 

By means of this double process, data are supplied for comparing 
the gain of sugar with the loss of glycogen, and, if the carbohydrate 
is expressed throughout as glucose, we have equivalent terms of 
expression to deal with, permitting the figures on the two sides to 
be read off as they stand. 

On experimenting in the manner that haa been described, we learn 
that a progressive prodnction of sugar takes place, concurrently with 
a disappearance of glycogen. In some of the experiments that I 
have conducted, the change has been observed to advance almost to 
tbe point of a complete replacement of the glycogen by sngar. Ws 
learn further, it may lie said, that a gradual increase of the cnprio 
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oxide redacing power of the sugar produced takes place, until the 
stage of glucose is reached. 

The following tabular representation shows the results obtained in 
an experiment where the product was examined after varying periods 
of exposure to a temperature of 38** C. 1* 6-gram portions of the 
dried liver-substance with 20 c.c. of water were placed in separate 
flasks, and exposed alongside each other for the time specified in the 
table. They were then removed and submitted to analysis. The figures 
given to represent the state of the dried liver-sabstance existing at 
starting constitute the mean of four analyses, which, it may be re- 
marked, stood throughout in close accord with each other. 
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The figures in the coliimiia under the headings of "Sugar, after 
treatment with sulphuric acid (glucose) " and " Glycogen, expressed 
as glucose," enable us to compare the gain of sugar with the toss of 
glycogen. Theoretically, on the assamption that glycogen is simply 
transformed into sugar, there should be au accord between the two 
seta of figTires, or, in other words, no alteration in the total anionnt 
of carbohydrate. Practically, as seen in the table above, which 
agrees in the main with what is shown by other results that have 
been obtained, a genei'al correspondeace between gain and loss is to 
be observed, especially after limited periods of exposure, Upon the 
whole, however, it must be said that the loss is usually somewhat 
greater than the gain, and this becomes more marked as the experi- 
ment proceeds, ending with a pronounced diminution in the total 
carbohydrate where the oxposure has been allowed to ran on for a 
period of twenty-four hours. 

It may here be remarked that erperimental observations upon 
sugar- production In the fresh liver have yielded the same kind of 
evidence regarding the relation between gain of sagar and loss of 
glycogen. At the same time, it must be stated that in some instances 
results have been met with which can only, with our present know- 
ledge, be characterised as presenting au anomalous appearance. It 
has seemed as though carbohydrate material has, upon some occasions, 
been brought into evidence from a latent or some other state, and, 
conversely, upon others, has disappeared from view. 

With reference to the disappearance oP carbohydrate, the experi- 
ments I have conducted in search of an explanation have led to the 
discovery of a point in connexion with the analytical procodnre for 
the determination of glycogen, which goes towards accounting for a 
certain amount of loss. The product for analysis, it will be re- 
membered, is first of all extracted with alcohol for the removal of 
the augarsi The coagulated residue containing the glycogen is then 
boiled with potash to disintegrate and dissolve the nitrogenous 
matter, and as far as possible place it ia a position to be soluble in, 
and susceptible of removal by, alcohol. As long as glycogen is the 
principle that has to be dealt with, no sensible amount of destrnction ia 
occasioned by the boiling with potash, and, in harmony, it is noticeable 
that in the analyses of glycogen-containing products which have 
not been exposed to the modifying influence of ferment action the 
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results are found to stand in close conformity with ythat might be 
looked for. Where prodncts, hoirever, are dealt with in which 
change throngh ferment action has occurred, a certain amount of 
lose of carbohydrate is, as an ordinary occuri-ence, observiible in the 
analytical reanlts obtained. Thus it is after, and only after, ferment 
action that the analytical results show the loss of carbohydrate. 

Upon reflecting on the matter, the question presented itself to my 
mind whether, after the ferment action, there might not be a dextrin 
precipitated together with the glycogen by the alcohol, which failed 
to resist destruction during the process of boiling with the 10 per 
cent, solution of potash. I submitted the question to the test of 
experiment in the foUomng way, and the results obtained famished 
a decided answer. 

For the settlement of the point, it ia immaterial whether recourse 
be had to the employment of Btaitjh or glycogen, on account of the 
analcgouB positions held by these bodies in relation to the matter and 
the similarity of the products generated. It ia also immaterial 
which of the amylolytic ferments is made use of. In the OKporiments 
performed, starch, paste, and pancreatic ferment were the materials 
employed. 

After ferment action bad been allowed to proceed for a Bhort time, 
alcohol was freely added to dissolve out and separate the sugar and 
soluble dextrins formed. The residue was collected as ia the ordi- 
nary analytical procedure, and, aftei- being washed, was divided into 
two equal portions. Both were then mixed with the usual quantity 
of potash. Thus far, the steps adopted presented no variation from 
the usual course. In the next step, however, one portion was boiled 
for the accustomed time with the potash, whilst the other was simply 
placed in contact with it in the cold. ' Each was then poured into 
spirit, and the respective precipitates were afterwards collected and 
subjected to the inverting action of sulphuric acid. The results 
obtained showed a conspicuously smaller amount of carbohydrate 
where the product had been boiled with potash than where it had 
been simply treated with potash in the cold. Seeing that starch is 
not attacked by boiling with potash solution of the strength used 
(and the same holds good for glycogen), it is rendered evident that 
the residue remaining from the alcoholic extraction of the product 
uf ferment action contained something besides nntransforraed 
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starch. It may be assamed that some slightly transformed 
material, insoluble in spirit, existed, which, unlike the starch, failed 
to resist destruction on boiling with the 10 per cent, solution of 
potash. The loss of carbohydrate matter appearing in the results is 
thus to be accounted for without bringing into the question the 
occurrence of loss from the fei-ment action. 

Alcohol-coagulated Liver-substance with Blood. 

A tabular representation of the results of experiments bearing on 
sugar-production in alcohol-coagulated liver-substance taken alone 
was given a few pages back. I have conducted similar experiments 
upon the same specimen of liver-substance, with the addition of blood 
which had been dried at a temperature below that destructive of 
ferment activity, and the results, as in the case of those obtained 
from the admixture of blood with the fresh liver, show that a larger 
production of sugar takes place than when the liver is dealt with 
alone. A comparison of the table given below with that previously 
introduced stands in support of this statement. An effect also 
noticeable is that the product possesses a somewhat higher cuprio 
oxide reducing power. The quantity of dried liver taken was the 
same as in the other experiments, viz. 1*5 grams, and the quantity 
of dried blood employed was 1 gram. The sugar intrinsically 
belonging to the blood, as shown by an examination made, was too 
insignificant in amount to need consideration. 
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Influence of Sodium Carbonate and Oitric Acid on Ferment Change in 

I havB tried the effect produced by small quantitiea of sodium 
carbonate and citric acid upon the change occurring in the alcohol- 
coagulated liver-sabstauco which has juat been dealt with as a, bosia 
of observation. The iaane of the esperimenta conducted is to show 
that the influence of the presence of sodium carbonate is in the 
direction of diminishing the amount of transformation taking place, 
without in any mai'ked manner affecting the cnprio oxide reducing 
power of the sugar produced ; whilst the influence of citric acid is id 
the direction of increasing the cnpric oiide reducing power of the 
sugar- product, rather than in that of producing any decided alteration 
in the amount of carbohydrate transformed. 

The effect of a targe amount of sodium carbonate, like that of the 
caustic alkali, is to arrest ferment change. This may be shown not 
only by treatment of the liver after death, but likewise by the inlro- 
duction of the agent into the organ during life. In an experiment 
upon a dog, placed and kept under the inffaence of ether, a lobe of 
the liver was isolated by a ligature and excised, 20 grama of sodium 
carbonate in 80 c.c. of water were then injected into a branch of the 
mesenteric vein. Death occurred immediately after the completion of 
the injection. A portion of the liver, which was shown by its black 
colour to have been fully penetrated by the agent, was taken for ex- 
amination, as well as the lobe that had been excised before the 
injection waa made. In each case, a certain period of time elapsed 
between the removal of the piece to be examined and the commence- 
ment of the analysis. The results obtained were as follows : — 

Sugar per 1000, 
expressed as glucoee. 
Portion o! liver eioiied") 

before the iojeftion [before Bulpliuric add 31 -200 

oftbesodiumearbon- rafler „ 21 '200 

Portion of li/erremoYcd "I 

after the injection of I before „ „ 1 *600 

the Bodtum oarboa, f after „ , 2*200 

»te J 

In another experiment a dog waa similai-ly ancesthetised. After 
the isolation and removal of one lobe of the liver, 10 grams of sodium 
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carbonate in 40 c.c. of water were injected into the hepatic duct. 
Ten minutes later, the animal was killed by pithing. A poi*tion of 
the liver that had been penetrated by the injection was, as in the 
preceding experiment, made the subject of comparative examination 
with the portion previously removed. As a further step, portions of 
the two specimens were placed aside and examined on the following 
day. The analyses yielded the following results : — 



Portion of liver excised"^ 
before the injection 
of the sodium carbon- 
ate, taken a short 
time after removal . . 

Portion of the same 
specimen taken on 
the following day. . • 

Portion of liver removed"^ 
after the injection of 
the sodium carbonate, 
and taken shortly 
afterwards _ 

Portion of the same"! Vgr^-g 
specimen taken on » f. 
the following day. . . J 



Sugar per 1000, 
expressed as glucose. 



before sulphuric acid 
after 



before 
'after 



before 
after 



»> 



>> 



>> 



)} 



» 



>> 



it 



9-400 
10-000 



13-800 
14-000 



1-200 
2 000 



2-000 
2-800 



It will be seen that the sodium carbonate employed in these experi- 
ments had the effect, practically, of arresting ferment action. The 
agent thus affords a means of placing the liver in a position to escape 
undergoing j9os^-mor^em change, and to permit of a representation of the 
state belonging to life being obtained without recourse to the precau- 
tionary measures otherwise necessary in the process of examination. 
If reference be made to the analyses in which post-mortem change 
was prevented by freezing (pp. 137 — 138), it will be found that a 
strict accord is noticeable in the figures yielded by the two modes 
of experimenting. 
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In accordance with what is observed elsewhere throughout the 
system, the blood is found to contain a certain amount of sugar. 
Both the nature and amount of this I will proceed to consider. 

Nature of Sugar present in Blood. 

To determine the nature of the sugar present the process of 
alcoholic extraction, previously described in detail (p. 61), should 
be adopted in order to avoid the simultaneous extraction of glycogen 
which, to a certain extent, occurs when water is employed, and which 
would lead to the introduction of error through the production of 
sugar under the process of treatment with sulphuric acid. 

Observation, conducted upon blood derived^from different sources, 
shows that the kind of sugar found in all parts of the circulation, with 
the exception of the portal system, possesses a cupric oxide reducing 
power that is not, as a rule, increased, and, if increased, only slightly 
so, by boiling with sulphuric acid — a character which implies, broadly 
speaking, the existence of glucose. This, I may state upon the 
strength of a very large number of observations, is the kind of sugar 
present under ordinary or natural conditions, but, as will be sub- 
sequently shown, under certain deviations from the ordinary state, 
as, for instance, after the administration of ansesthetics, the inhala- 
tion of carbonic oxide, &c., the sugar met with is usually one 
possessing a cupric oxide reducing power more or less below that of 
glucose. 
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The blood of the portal system, however, difFers from that of the 
otber parts of the circnlation, and, at the same time, resemblea, as 
will be seen from the analyses to be given later on, the solid organs 
and tisHnes of the body. Its condition was fully referred to in a pre- 
vioae pai't of this work, and it was there shown that it ordinarily 
contains, not only after the ingestion of carbohydrate food, bat like- 
wise after animal food (and even in some instances the condition has 
been observed at a time of fasting), a sngarwith a lower, and it may 
be a considerably lower, cupric oxide reducing power than that of 

The blood, then, exclading that belonging to the portal system, 
contains sugar in tho form, broadly speaking, of glucose, and in this 
respect it holds a position differing, so far as my observations have 
extended, from that existing in the other parts of the economy. 

Amount of 8uj/ar present in Blood. 
Having spoken of the nature of the sugar in the blood, I will now 
pass to the consideration of its amount, Upon this point considerable 
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diversity exists in the statemeota that have been made by differeut 
obBerverB. The qneafcion of the amoTir.t of sugar natarally present in 
the blood is one that must be regarded as possessing more than an 
intrinsic importance on account of the meaning it may have in rela- 
tion to eonsiderations standing outside the simple question of fact 
appertaining to the blood itself. It may therefore be looked upon as 
a point upon which no doubt should be allowed to exist. The 
enqniry requires to be approached and cai'iied out in a scrupulously 
guarded and careful way, but, with the adoption of proper measures, 
experience would load me to say, tho information wanted may be 
easily and reliably obtained. The manipulative process involves two 
distinct steps of procedure, each of which calls for the bestowal of 
close attention. Nat only is it necessary that the method of analysis 
should be such as to yield reliable results, but also that the blood for 
analysis should be collected in such a manner as to afford a repre- 
sentation of the natural state. 

Analytical proficiency in the early days of research in relation to 
the physiology of sugar in the animal system had not attained a 
position to permit of satisfactory quantitative determinations being 
made in an albuminous and coloured product like blood. Advance, 
however, has in this, as in so many other directions, taken place, and 
I thiak it may now bo considered, with reference to tho point in ques- 
tion, that a position has been reached leaving little or nothing to be 
desired, 

Aqueous extraction of the sugar, with tho adoption of appropriate 
measures for the separation of coloui-iug and albamicous matters, if 
resorted to, will yield a liquid to which tho ordinary process of sugar 
estimation may be applied, but, unless tho nature of the sugar present 
is known, the result obtained will not supply the information required 
for the expression of the amount. In the absence of a knowledge of 
the nature of the sugar existing, it is necessary that the process of 
alcoholic extraction should be employed, in order that the sugar may 
be obtained free from glycogen, and so permit, after the usual treat- 
ment with sulphuric acid, of a truthful expression of its amount being 
given under the form of glucose. 

When the process of extraction is carefully carried out, and the 
ammoniated cupric test ia employed for the subsequent estimation of 
the sugar, the degree of accuracy attainable by e 
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BDch as almost to excite sarprise, looking at tlie complex and coloured 
nature of tbe original prodact dealt with. In eapport of this state- 
ment, I may refer to the i-esnlta given in an early part of this work, 
when the subject of analytical procedure in general wna under 
consideration (p. 79). Examples are there introduced allowing the 
close accord thnt is obtainable in the figures from duplicate analyses. 

The conditions existing in connection with the coilection of the 
blood for analysis constitnte an item of consideration, it may be, of 
greater importance than the analytical procedure itself, inasmttch ae 
neglecting to give due attention to the requisite precautions may give 
origin to greater error than would be likely to arise from a faulty 
analysis. How rapidly sugar may be adventitiously produced in the 
liver and lead to the presence of an abnormal amount in the blood 
has been already shown, and in obtaining a specimen for examination 
fallacy from such a source must be avoided by the collection being 
made under conditions to secui'e a representation of the natural 
state. 

This matter, as is known, I drew attention to upwards of thirty 
years ago. In a communication published in tbe Transactions of the 
Royal Society for lfc60, I showed that the condition which had been 
previously taken as representative of the natural state, widely differs 
in reality from it. With the occurrence of death, an alteration in the 
amount of sugar present in the blood speedily ensues, but this had 
not hitherto been recognised and taken into account. Thus, through 
the post-mortem baing regarded as expressive of the ante-inorh-mi 
state, a false foundation existed for the physiological doctrine which 
happened to he conati'ueted upon what had been observed. At the 
outset a qualitative exomination was ail that the resources at com- 
mand permitted to be made, and what was considered to be the 
characteristic reaction to be looked for from the blood of the infei'ior 
cava and right side of the heart was one attended with a plentiful 
redttction of the copper test. The amount of sugar now revealed by 
quantitative determiuation as actually existing in the blood collected 
from these parts in an ordinary way after death, depends upon the 
extent to which it may happen to have been inflnenced by the post- 
■mortem production of sugar iu the liver. A varying quantity, from 
about that naturally belonging to the living state to one largely 
exceeding it, may be found. 
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The point under consideration is well illusti-ated by the reBnlta 
obtained i[i a recently conducted expei'iment, of which tlie following 
are the particulars, A dog was suddenly kilied by pithing, and the 
chest immediately opened. The heai-t woa thea giusped at its base 
with the hand, and a ligatiii'e applied so as to pi'event any further 
ingress or egress, and thus permit of the blood contained in its 
cavities close to the moment of death being obtained foe examination. 
By an incision above the ligatnre, the heart was excised, and tlie 
blood which it contained subsequently collected. With the eseiKion 
of the heart, the blood present in the large vessels of the system 
flowed into the cheat. This wa« dipped out, and a portion taken for 
analysis. The following are the results that were yielded by the 
respective specimens. 

Sugar per lOOn, 
exprcBseil as gliii'o*e. 

Blood from the caTities 1 before aulphiiric ncul O'MaO 

ofthohfliirt I after „ „ -876 

Blood collected fromlbefure ., „ 2'ltlO 

tlie cheat /after „ „ a-337 

The amount of sngar found in the blood of the general cii'calafion 
under a natural and tranquil state of the eyatem presents bat little 
variation, and, as will be seen from the details to be inti-oduced later 
on, is less than what is met with in the solid organs and tissues. 
From a collection of upwards of 100 observations, conducted at 
various times over a number of years, upon the dog, cat, rabbit, 
sheep, ox, horse and pig, the amount of stjgag natohally psksbnt in 

THB BLOOD OF THE GGNEBAL CIKCnLATION MAY BB STATED TO BAKGE from 
ABOUT 06 TO 1-0, OR A LITTLE OVEB 10, PER 1000. 

Most of the determinations upon which the above statement is 
based were made with the ammoniated cupric teat. In many, how- 
ever, the gravimetric process described at p. 69 was employed. By 
this process the copper thrown down from the Fehling's solution 
used is collected, dissolved, and snbsequently deposited by galvanic 
action upon a platinum cylinder for weighing. Although there are 
sufficient grounds for considering that full reliance may be placed 
upon the Information supplied by the ammoniated cnprio test, it is 
nevertheless satisfactory to have it corroborated by a different kind 
of analytical procedure ; and further so when, as illustrated by the 
examples given at p. 80, the accuracy of both processes is confirmed 
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by the close accord in the fif^nrea obtainable under their a,ppIication 
to the same specimen of blood. 

The blood, then, of thegeneral circulation ponaesseB a constitation 
in relation to sugar presenting but little vftriftiion whilst ordinary or 
natural conditions exiRfc. Distnrbed states of the system, however, 
quickly occasion the presence of an increased amonnt, bnt the kidneys 
perform an eliminative office like that which they discharge in the 
case of urea. Under any increase of supar in the circulation, the 
nrine is immediately influenced to a proportionate extent, and the 
escape of sugar thus occurring constitutes a provision for keeping 
down ACcumnlatlon, as is exemplified by the elimination that is 
observed to take place in diabetes. 

In former times, when less facility existed for the qnantitatlve de- 
termication of the sugar of the blood, the amonnt corresponding with 
what I have represented as naturally present during life was usually 
spoken of as a "trace," the expression being founded upon the slight 
reaction yielded by the copper test. I do not think previous attempts 
had been made to determine what this "trace" meant, expressed in 
figures, bnt in my communication contained in the TransactionB of 
the Royal Society for 1860, I gave the results I had obtained from 
tbe analyaia of three specimens of the blood of dogs, and stated that 
the quantities stood respectively at 0'470, 0730, and 0580 per 1000. 
These amounts, it will be seen, atthoagh obtained upwards of thirty 
years ago, coincide closely with those yielded by the present improved 
methods of analysis. 

I consider there onght not to be any disagreement, certainly at the 
present time, about the amonnt of sugar present in blood ; and, should 
a discordance exist, it is more likely to depend upon something con- 
nected with the collection of the blood than upon the analytical 
procedure. The figures given by some obflcrvers stand in close 
accord with, and by other observers even a little lower than, my 
own. A. striking want of uniformity is noticeable in the resnlta 
obtained by Bernard, and, whilst placing the lowest point of range 
at 1 per 1000, he says (' Comptus Rendus,' 1876, p. 1409) that in the 
normal state the sngar varies from 1 to 3 per 1000, Seegen repre- 
sents the amount as oscillating between 1 and 2 per 1000, and 
remarks that it is only exceptionally that it exceeds 2 per 1000. The 
state of the urine snfBces, I considep, t-o show that these ranges of 
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}tci'nard and Seegen cannot be otherwise than foanded npon error. 
The Inrger qnautitiea are incompatible with the state presented by 
healthy nrioe. They mean, as is rendered evident by reference to 
tlie table at p. 192, representing the condition of the blood in caaes 
of diabetes, the eilatence of a state that would bo attended with the 
presence of a large amount of sngar in the nrine. 

A conlraat exists between the blood of tbe portal system and that 
of tbe general circalation. Whilst the amount of sngar in the former 
is in a direct manner influenced by tbe ingestion of carbohyJrale 
matter, no snch influence is exerted apon the contents of the general 
cirenlation, 

1 have mentioned that precautions mnst be observed in collecting 
!he blood (or examination, in order to obtain a representation of the 
natural state. If the collection be made from an artery or vein 
daring life, the animal mnst be at the time in a slate of tran(|nility. 
Obstmction of the breathing, violenb struggling, and the administra- 
tion of an aniEBthetic suffice, through their disturbing efiects npon 
the system, to produce an increase of sngar in the blood. 

Beraard noticed that the blood of the jugular vein of an animal 
contained more sugar after muscnlar efforts provoked by holding the 
nose for a short time so as to impede the respiration than it did 
before. I also, in an experiment performed some years ago, found 
that blood taken from a dog which had been stibjected to obstmction 
of the breattiiug for balf-aa-hour possessed a strongly saccharine 
character, and, in another instance, where the experiment was carried 
on for a longer period, that the nrine even had acquired a sacoharine 
impregnation sufficient to give a strong reaction with the test for 
sugar. In like manner, after tbe administration of an ancesthetic, 
the ni-ine may be found to give even a fairly strong saccharine 
reaction with the copper test. I took the opportunity at one time to 
institute observations npon the nrine of patients in Gay's Hospital, 
before and after tbe inhalation of chloroform, and found in every 
instance a decided effect, in some uvea a strong effect, produced in 
the direction mentioned.* 

In obtaining blood from the killed animal for examination, tbe 

• The cupric cntide reducing effect of urine aftfrr (lie admin istnttion of clilorofomi 
is QDw elated to lie due to gljcurooic acid, a body closely allied lo and BUpposed to 
be deriTud from deitrose, but preeeiitirig a rather liiglier atate of oiidalioa. 

u 2 
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collection must ba mtide before time haa been allowed for its con- 
stitution in relation to sugar to beoooia altered from that appertain' 
iag to life. 

In tbs laboratory the conditicina are under the command of the 
experimentalist, and the method of killing employed ahonld ba one to 
occflHion death as instantaneoasly aa possible. After the deetrnction 
of life, say by pithing, a scalpel, or pair of scissors, should bo 
instantly thrust into the chest, and the heart and large vessels freely 
incised. The chest being then quiekly opened, the required quan- 
tity of hlood should be at oaco dipped out or otherwise pi-ocnrad for 
examination. 

At the slaughter- house diSerent methods of killing are adopted. 
The method to be chosen for securing the attainment of the object 
in view, is one in which death is occasioned pui-ely by hcemorrhage. 
In the case of tho sheep, the neck ia pierced with a knife, aud the 
blood drained off by sevei-ance of the veasela. The first portion of 
the blood that escapes is the proper specimen for eianiination. The 
bullock alaaghtered by the Jewish method affords another in- 
stance of killing by hteoiorrhage. Uy a .single incision with a long, 
sharp knife, all the soft structures of the neck in front of the 
vertebral colamn are divided. An 
arteries takes place, and, as in the c 
should be collected. 

In the course of an inquiry I was 
led to submit to examination specimi 
obtained, one at the first instant 
momenta later. The specimens we 
process of analysis, and, as will bo 



gush of blood from the 
of the sheep, the first portion 

. soma time ago oondactiug, I was 

.ena of blood from the cut bullock 

if its escape, and the other a few 

subjected to the gravimetric 

the subjoined figurea, 



a alight difference was found to exist between the two in the direc- 
tion of a larger amount of sugar in the second portion, showing how 
the lapse of an apparently insiguiiicant amount of time suffices to 
bring about an altered condition. 
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Blood of BhVocIc killed by Jciuifh Method, collerfed at the Commencement 
and al a later Period of the Flow. Qravimetric Process of Analygie. 
Sus-ar per 1000 parts. 



Second collBOtioi 



Obsppvation I .. 



Obae 



DiiplicBte 
r 0-544 



\ '020 



ro-ni 

10 -5! 

{S 



■BUG 



1 0-679 



After the employment of the pole-aie method of slnughterinp 
higher fignreB are ordinarily obtained, and, concordantly, the method 
involves the lapse of a longer time before the blood is withdrawn. 
The animal is first felled by the blow of (he axe, and throngh the 
opening made a cane ia then passed dawn the spinal canat to crash 
the medulla oblongata and spinal marrow, a prooeeding which not 
only effect ually kills outright, but puts a stop to the occurrence of 
reflex movements. An incimon is next made into the lower part of 
the neck, and the knife passed on into the chest so as to penetrate 
the snporior vena cava, or possibly the right auricle of the heart, 
and permit the blood to escape. Subjoined are the results derived 
from the analysis of four specimens obtained in this way. In con- 
nexion with these specimens the remark is recorded that instructionii 
were given to my assistant to get the incision and collection made 
with as little loss of time as possible after the felling of the animal. 
In two of the observations the figures happen to about ^ree with 
those obtained under the methods of slaughtering previously referred 
to. In the other two, however, the higher kind of figures 
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Sugar per 1000 purtj*. 
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Arferial and Vejwus Blood in relation lu Sugar. 



I larger amount of sugar is 
, and the inference has been 
H a retnlt of the functional 
stem, trtkes place during the 
Considerable discoi-d- 
oriraentiil reanlte upon 



Bernard made the statement* that s 
pre<>ent in arterial than in venous blood 
drawn thai a disappearance, occuning &s a 
disposal of carbohydrate matter in the syste 
transit from the arterial to the venous systei 
ance, however, is to be obsorved in the e: 
which the statement has been based, and I notice an instance amongst 
them in nhich an identity existed in the amount of sugar fonnd in 
the blood of vein and artery. According to the particulars given of 
tlie experiment, a first collection of blood was made, from which the 
figures obtained were 1250 pei- 1000 for the venous, and 1480 per 
lOOO for the arterial, blood. A second collection was afterwards made, 
■when it was fonni that the figures stood at 1-560 per 1000 for both 
the venous and arterial blood. In the instance where Ihe largest 
amount of difference was observed, it appears from the details fur- 
nished that the experimental pvooedare adopted was as follows : 
Blood was withdrawn fiwrn the right crural vein, and immediately 
afterwards the corresponding artery was opened and blood collected 
from it. The results derived from the analysis of the two speeimtiia 
are stated to have been 0730 per 1000 tor the venous, and 1'450 per 
1000 for the arterial, blood, representing a difference of 0720 per 
1000 between the two — a difference, that is to say, about equivalent 
to the whole qnantity of sugar which, according to my own observa- 
tions, is found mturally to exist in the bitiod of the dog, the animal 
upon which the eipeiimenta were conducted. 

The qnestion that is being considered is one of great importance 
on account of the reasoning that may bo based upon it. It happens 
at tho same time to be one in connexion ivitli which fallacy may most 
easily creep in tlirough the difficulties attending the experimental pro- 
cedure. Owing to the readiness and rapidity with which the blood 
becomes charged with an increased amount of sugar, as an effect of 
distuibod states of the system, error is certain to .arise, unless the 
most scrupulous and guarded care is eiei'cised with regard to the 
vhich tho collection of the respective specimens of blood 
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ie made. To obtain a trutUEul represecitatiou of tlie nitural i-elative 
state of arterial aod veDoua blood, the specimeoB to be compared 
must be collected absolately at the same instant. Sboald the collec- 
tion happen not to be absolately uiraaltaneoQS, the poaition ia open for 
the occnrrence oE an alteration in the amoant of sngar contaiaed in 
the entire circulatioo, and this natoi-ally would be read oEf as repre- 
senting a difference in the relative amount present in the blood of the 
ai'terj and vein. It is further desirable that before the collection of 
blood is made the animal should have been allowed to recover from the 
iofluence of the anesthetic, and the eSect of any atrnggling that may 
have attended the operation, eo that a settled state of the eootents of 
the cii-cnlatory system may have become established. 

With a full realisation of the rigorous care and attention requiring 
to be bestowed npon all the details of the enqniry, I conducted the 
esperimentfl which are to be found recorded in part in the ' Pro- 
ceedings of the Royal Society ' for 1877 (vol. 26, p. 346), and in full in 
my Crooniau Lectures " On Certain Points connected with Diabetes " 
(pp. 71 et sej.), delivered at the Boyal College of Physicians, in 1878, 
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In each of the experiments cbloro- 
teredf th operative procedure of exposing 
1 h n re the carotid artery of the one 
n f th ther. After their exposure, and 
n th aija ent tissnes, a ligature was passed 
kn 1 1 d n such a manner as to leave a 
of suflicient length to serve for subse- 



quently di-a wing them forward without giving pain to the animal, 
and thus without occasioning any struggling or disturbance. A 
period of an hoar and a-half or tvro hoars was allowed to elap.-e 
after this operative procedure for the system to recover from tlie 
influence of the anatsthetic. At the end of this lime, without the 
employment of any forcible restraint, and whilst the animal was 
seated quietly on a table, the vessels were drawn forward, and blood 
collected simultaneously from each. The process of analysis was 
then at once commenced, and in the seven obaei'vationa coaduotcd 
the following results were obtained. 
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Comparative Examination of Arterial and Venous Blood collected 
simultaneously from the Dog during lAfe. Oravimstric Process of 
Analysis. 



Sugar per 1000 parts. 



Arterial blood. 



Duplicate 
analyses. 

Observation 1 "l n* 817 

Observation 2 < ^ .g-^^ 

Observation 3. . . . •< ^ .q^« 

Observation 4 -l ^ .«qq 

Observation 5 i ^ .^g. 

Observation 6 < ^ .ooo 

Observation 7 •< , ., «q 



Mean. 
0-811 

0-863 

0-933 

0-884 

1-080 

1-231 

1-162 



Venous blood. 



■^ r 



Duplicate 
analyses. 

f 0-808 
I -788 

0-896 
0-863 

r 0-918 
1 0-914 

0-859 
0-873 

1-102 
1-096 

/ 1-240 
[.lost 

1-180 
1-187 



{ 



{ 
{ 



{ 



Mean. 
0-798 

0-879 

0-916 

0-866 

1-099 

1-240 

1-183 



On casting the eye through the above list, it will be noticed that a 
close conformity exists in the figures for the corresponding specimens 
of arterial and venous blood. In some, the difference presents an 
excess on the side of the arterial blood; in others, on that of the 
venous. In each case, it does not amount to more than may be 
legitimately considered as falling within the limits of variation aris- 
ing from the analysis, for it is not claimed that absolute accuracy is 
attainable. It must be borne in mind, with reference to the matter, 
that about 20 grams of blood were taken for analysis, and that the 
figures represent parts per 1000, so that what may be an exceedingly- 
slight error in the analysis becomes magnified about fifty times in the 
multiplication employed for the expression of the result. A differ- 
ence, for instance, of one-tenth of a milligram in the actual analysis 
would become a difference of 0005 in the result expressed. The 
duplicate analyses give a trustworthy character to the evidence, 
beyond what it would otherwise possess, and the closeness noticeable 
in the counterpart results affords strong testimony of the precision 
attainable by the analytical process employed. In observation 6 one 
of the results for the venous blood is missing, owing to an accidental 
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losR of some of the pi-ecipitated auboxide having oocni-red in the per- 
formance ol tbe analysis. In observationa 5, 6, aad 7 the araoant of 
Bngar enconntered stands higher than what is found to exist nnder 
ordinary ci re nm stances. This, it may be considered, is attributahlo 
to the effect of the aniesthetic, IE blood be withdrawn whilst the 
animal is actually under tbe influence of the anrostlietic it is possible 
that npwards of 2 parts per 1000 may be fonnd, and, from the 
lesults referred to, it would appear that even after the lapse of an 
hoar and a half or two hours the sugar may not have fallen to ita 
standard amount. 

Looking now at the results, taken altogether, we find that the mean 
amount of sugar, given by calculation from tbe mean fignres 
fnrniahBd by the sevon obserrationa, stands at 0995 per lOOO for the 
arterial blood, and 0-997 per 1000 for the venons. The difference 
between the two thus amounts to 0002 per lOOO, and it happens, iia 
is seen, that the excess, such as it is, falls on the side of the venous 

By another mode of experimenting that euggested itself to me as 
open for employment, blood was obtained from artery and vein aa 
expeditiously aa possible after death, so as to anticipate the altered 
state induced by the posl-morlem production of sugar. Four such 
experiments were performed upon dogs. The animal was in each 
case pithed, and, instantly afterwards, a scalpel was drawn across the 
artery and vein determined upon, without any attempt being made to 
isolate them. The blood that aimnltaneously flowed from the respec- 
tive vessela was collected in capsules. The danger to be guarded 
against in the experiment was from the poaaibility that the flow 
might not be precisely even after tbe first gush, and that, in carrying 
on the collection, a little blood might he included which had under- 
gone a slight degree of post-mortem, modification. Attention was 
therefore given that the collection was not carried fm-tber than the 
withdi-awal of the quantity absolutely required for the purpose of 
examination. 

In observation 1, the collection was made from the jugular vein of 
one side of the neck, and the carotid artery of the other. In conse- 
quence of the experience gained in this experiment tbe crnral artery 
was substituted for the carotid in the other three. Its more enper- 
fii;ial position rendered it more accessible for division. The jugular 
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was atill retaioed as the re^sel for yielding the Tenons blood. Since 
the blood thronghont the arlerial system possesses at a given momeDt 
the same constitution, it is obvioas th&t any artery that is most con- 
Teniently ttitnated for the performance ot the experiment may be 
taken. In connection with observation 4, it is recorded that a little 
difficulty occurred in collecting the arterial blood, through its Sowing" I 
slowly from the divided vessel, and that the last portion was dark i 
eolonr. In this condition it may poHsibly have jnst commenced to be ] 
inflnenoed by the poat-mort&m influx of sugar from the liver. 

Comparative Ej-amiiiatioH of Arterial and Venout Blood, oc^ciaAM 

fimKltatieoutly, instantly after Death. Qravimetric Process rf Attaiysit^M 

Sngar per 1000 parts. 

Arterial blond. Venous blood. 



ObeerratioD 1 -j n.gjg 

ObierT«tion2 {o791 

Obeerration 3 < „ U17 

„. .. , fO-812 

Ubifrration 4 < (L.atin 



10-897 
to- 791 



\0-8 

ro-7 

10 -7 



The resnlta derived from theae four observations present, it ig 
noticeable, a less even charactei' than those belonging to the previous 
set. The mean amount of sugar given for the arterial blood is 0&17 
per 1000 ; and for the venous 0834 per 1000. The diffei-ence stands 
at 0*013 per 1000, the higher figures being furnished by the arterial | 
blood. 

Placing now the eleven observations together we get 0941 per 
1000 as the expression of the mean amount of sugar found in the 
arterial blood, and 0'938 per 1000 in the venous. It thus appears, for 
the whole of the observations, that the sugar in the arterial blood 
exceeded to the estent of 0003 per 1000 that in the venous. 

The conclnsioo, 1 consider, may be drawn from the foregoing e 
periments that no material difference exists in the amount, of sugar 
present in arterial and venous blood. As a corollary, it follows that 
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no support is given to the view that carbohydrata matter ia the fona 
of Bug'ar is allowed k> reach the general circulation, for convejance 
as a faactional operation to the systetnio capillaries to be diapoeed of 
by the tissaes. 

Professor Seegen, who widely differs from me npon other points, ia, 
I find, in accord with me upon the one which has just been con- 
sidered. In the French translation, which is before me, of his 
retreat work on animat gly oogenesis,* he Bftys " II resalte de la qne, 
contrairement k I'opinton de CI. Bernard et de Chanveau et d'accord 
avec les recherches de Pavy et antres, il n'y a pas de difference appro- 
clable entre le saag art^i-iol et le sang veineux quant a la proportion 
de BQCre qu'ils renferment." 



Blood after Withdraical, hi Eelalion to Sugar. 

I have now finished what I have to say npon the qaestion of the 
diflappearance of eugar from circulating blood, and I will proceed to 
consider the question of its disappearance from blood after with- 
drawal from the system. 

In correspondence with the statement tliat was made with regard 
to circulating blood, it was farther asserted by Bernardf that a dis- 
appearance of angar takes place in drawn blood, sufficient ia extent 
and rapidity to furnish additional support to the theory of oai'bo- 
hydrate disposal to which attention has above been given. 

At qnite an early period of my investigations, and long hefore the 
matter which is being discussed was broached, I gave attention to 
the sabjeofc of the disappearance of sugar from drawn blood, and, from 
what I observed, I mentioned that a disappearance occurred, which 
seemingly ran concurrently with the changes that lead on to decom- 
position. I further mentioaed that I had observed, with blood con- 
taining much sugar, an. acid reaction produced, which I suggested was 
probably attributable to the formation of lactic acid. I also noticed 
that in the presence of fibrin and coi'puHcIes the disappearance took 
place with greater rapidity than when Hcrum alone was dealt with. 

When the assertions of Bernard to which I have been directing 

* ' Lu Olycogeiiie animule,' bj Professor J. Seegen, Translati^ by Dr. Hahil : 
Piria, 1890, p. 100. 

t Becnard, ' Comptes Rendug,' IBth Juin, 1876, p, 1*06. 
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attontion were made, I not only conducted the experiments I have 
i-eferrcd to in relation to circnlatinf^ blood, but also oarried mj inveati- 
gationn to drawn blood ; and, in the prosecution of the enquiry, I wan 
now aided by tlio methods of quantitative analysis which were not at 
my command when my orif^lnal observations we]*e undertaken. Tho 
experiments are to bo fonnd recorded in the 'Proceedings of tho 
Royal Society ' for Jnne, 1877 (Vol. XXVI, p. 34f6), and April, 18/9 
(Vol. XXVITI, p. r,20). 

In giving a represent at ion of what was fonnd, I will first cite the 
particulars of five observations in wliich the blood was allowed to 
stand for moderate lengths of time at the ordinary temperature. Tho 
obflorvationH, it will bo noticed, were conducted at diiferent perioda 
of the year, and thus under the existence of somewhat diffbretit 
temperatures. 

Blood after Sianding^ comparrd with Blood taken Immediately, 

(havimetric ProcesB of Analysis. 

Hugnr per 1000 parts. I'ercrntage 

Mcnn of two loiiii of 

analjTHos. fugar. 
Jantiftry 29th. 

Taktm inimfdiatrly '7H0 — 

„ afU^r 1 hour 0'7aO 6'0 

April 2r)t.h. 

Taken inimmlmtrlj 0*700 — 

„ after 1 hour 070 4*3 

May iHth. 

Taken imnKMliately 0*760 — 

„ after 1 hour 751 2 

„ after 23 liours '2N5 02 '8 

May 2Hh. 

Taken imniediat^^Iy '7H0 

„ after 1 hour 0'72H 7*4 

„ aft/fr 2i hourif 'at)2 01 *6 

May 20th. 

Taken immerliat^'ly 021 — 

„ aftorljhourn 703 13-0 

In another set of experiments blood was allowed io stand for 
longer periods of time. In these the sugar was determined by tho 
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ammoniated cupric test, aud not bj the gravimetric process, which is 

only adapted for the examination of blood in a fresh state. With 

the occurrence of decomposition, the ammonia generated interferes 

with the deposition of the cuprous oxide, and thus in the case of the 

gravimetric process gives rise to a vitiated result. In the case, on 

the other hand, of the ammoniated cupric test, which in its principle 

of operation depends upon the solvent action upon the cuprous oxide 

exerted by ammonia, decomposition produces no vitiating efPect aud 

accordingly stands as no barrier to its employment. By this method 

of analysis, therefore, the examination can be conducted at any 

period, no matter whether the blood be in a fresh or a decomposed 

state. In these experiments the product for titration was obtained 

by the sulphate of soda method (vide page 59) resorted to for the 

gravimetric process, that is by boiling with sulphate of soda to 

coagulate albuminous and colouring matters, filtering, thoroughly 

washing the coagulum, and bringing the liquid to a known volume. 

The following examples may be selected and given to represent the 

character of the results obtained. 



Blood after prolonged Standing at the ordinary Temperature compared 
with Blood taken Immediately, Sugar determined by the Ammo* 

niated Cupric Test, 

Percentage 

Sugar per loss of 

1000 parts. sugar. 
Blood of bullock — 

Day of withdrawal '775 — 

1 day afterwards 0334 66*9 

2day8 „ 0253 67-4 

5 „ „ 0-231 70-2 

Blood of bullock — 

Day of withdrawal 1 • 111 — 

1 day afterwards 0*717 35-5 

2dajs „ 0-546 610 

3 „ „ 0-294 78-6 
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Blood with added OUico^e Buhjected to prolonged Standing at th$ 

ordinary 7'emptirature, 

Pfrwintiigo 
Sugar per Iom uf 

lUOO p«rU. . iiugiur. 

Blood of bullock— 

In freth state 0*770 ^ 

After addition of sugar 8*036 — 

On the following day 2 'Ml 1 28 '7 

On the third day 0-290 91 '0 

On the sixth day '228 02 '7 

The original blood, to wliich no 

sugar had been added, ez* 

amined on the sixth day '225 70 '0 

In other experimentfl the blood was exposed to a temperaturo abont 
equal to that of the body, and at the same time was subjected to the 
inflaence of currents of different gases. In order that the resnltn 
might be expressed by larger figures, and any effect produced thus ba 
rendered more Tisible, some glucose was added at the commencement 
of the experiment. 

Plood with a^ded Sugar exposed in a moderately elevated Temperature 
and to the Influence of Currents of different Qa$e$, 

Veretmi^gti 
Sugar per loss of 

10(X^ imrts. ^vifffi^r. 

Sheep's blood in a fresh state, with addi;d 

sugar — 

Takenatonce. «.,.... •• \*WO *— 

After standing 7 hours at a 

slightly raised temperature* • « 1 '650 10 '2 

After the passage of oxygen for 

7 hours at a slightly raised 

ftemfieniture • l'52l^ 17'6 

After the passage of earhon di* 

oxide for 7 hours at a slightly 

raised temperaiure,,.* 1'525 17 '6 

After the passage ai hydrogen 

hit 7 hours at a slightly raised 

temperature... •«««•«.....« 1 '570 1$'l 
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Percentage 
Sugar per loss of 

1000 parts. sugar. 

Sheep's blood in a fresb state, with added 
sugar — 

Taken at once 1 '634 — 

After standing 2k hours at 38" 0. 1 ' 4 39 10 7 

After the passage of oxygen for 

2i hours at 88° 1*283 21*4 

After the passage of carbon di- 
oxide for 2i hours at 88° C. . • 1 '100 82 '7 

Sheep's blood in a fresh state, with added 
sugar — 

Taken at once 1*667 — 

After standing 7 hours at 88° 0. 1 '842 19. 5 
After the passage of oxygen for 

7 hours at 88° C 0*992 40'5 

After the passage of carbon di- 

oxide for 7 hours at 88° 0.... 1*042 87*5 

Sheep's blood in a fresh state, with added 
sugar — • 

Taken at once 1*475 — 

After standing for 6i hours at 

38° 1-824 10*2 

After the passage of oxygen for 

6i hours at 88° C 1*184 28*2 

After the passage of carbon di- 
oxide for 6i hours at 88° 0. . . 1*209 18 

Sheep's blood in a fresh state, with added 
sugar — 

Taken at once ^ •«•••• 1*775 — 

After standing 6i hours at 88° 0. 1*667 11 '7 

After the passage of oxygen for 

61 hours at 88* 1*475 16*9 

After the ])assage of carbon di- 
oxide for 6i hours at 88° C. . . 1 '492 16 *9 

Sheep's blood in a decomposed state, with 
added sugar — 

Takenatonce 1*824 — 

After standing 6 hours at 88° C. '667 49 *6 

After the passage of oxygen for 

6hoursat88°0 0*606 54*2 

After the passage of carbon di- 
oxide for 6 hours at 88° 0. . • • '654 60 6 
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Looked at in their entirety, these experimental reaolla ehnn f.hat 
an advancin); disappearance of sngar lakes place in drawn biciuil. 
Beyond this uothing definite can be SHid, and nothing I conaider is 
doducible to warrant tlie conclusion thiit what ia noticed to occur 
can be interpreted as having any physiological bearing. WitU an 
nn^table body like angar existing in contact with a complex organic 
product like bhiud, it is nothing more than might be expected that 
bucL disappearance as is observed should occur, and no need exists to 
bring into the question the operation of living action. 

In the experiments where blood was subjected to the influence of 
the transmission oE currenta of different gases, it is noticeable that a 
greater disappearance of sngor occurred in the specimens that were 
so treated than in the counterpart specimens which were simply 
allowed to remain at rest. It is not, however, discoverable that 
more eiTcct was definitely pi-oduced by one gas than by another, and 
it may be considei-ed probable that the greater loss attending the 
employment of the gas was dtie to the physical effect of the molocalar 
movement occurring. 

The largest loss is observable where the blood employed waa in a 
decomposed state. This is only in a<:cord with what might be looked 

A point to be noted in connection with the observations is that the 
blood invariably retained a certain amonnt of cnpiic oxide reducing 
power. In no instance, even where evidence of advanced decompioBi- 
tion existed, did the redncing power of the prodact fall below from 
0'2 to 0*3 per 1000, oxpressed as glucoEe. What, In short, occurred 
was that the redncing power fell until the point named was reached, 
after which no further change ensued, however long the blood waa 
kept. From this, the conclusiun suggests itself that the blood con- 
tiina a certain amount of something besides the sugar poBsesaing 
cipric oiide redncing power, which, unlike sugar, resists the de- 
structive influence of the decomposing matler around. If this ia the 
case it follows that the sugar actually existing in the blood is less by 
G'2 to 0'3 per 1000 than what has been I'epresentod under the 
assumption that the cnpric oxide reducing effect observed is due 
soil ly to sugar. 

Lei ine's Theory regarding Olycolyns in Blond. — From the results of 
obstrv ttions on the disappearance of sugar in drawn blood, Lupine 
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has founded an argument in which he contends for the occurrence of 
glycolytic ferment action in the blood during life. Much discussion 
has recently taken place upon this matter. The view is of a nature 
to be likely to attract attention, seeing that it aims at accounting for 
the destruction of the sugar assumed under the glycogenic doctrine 
to reach the general circulation — a necessary provision for obviating 
the existence of diabetes as a general state. Weighty objections have 
been raised by various authorities to the experiments and conclusions 
of Lepine, looked at upon their own merits. There is, however, the 
further point, which has not been considered by others, that if, as 
follows from what has been adduced in this work, sugar does not 
reach the general circulation as the glycogenic doctrine implies, the 
raison d^etre of a glycolytic ferment in the blood does not exist, and 
the question about glycolysis in the blood is devoid of the physiological 
significance that would otherwise belorg to it. 
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Prmenoe of Suyiir in Healthy Vrine. 
I hftve inoitJeiitallf referred to the elimination of Bugar that tftkei 
piflco from tho blnod tlii-ongh the medium of tlie n 
proceed to fully consider the relationship exiBting between blood and 
arine with regard tn nntfar. Whilnt it in nniverHally admitted that 
the blood contnine n curtniti nraonnt ol sn)^, the urine is in ordinary 
language Mpoken of an fi-oo from it, It ib true that on testing a 
■peoimen of normal nrino with Fohling'a solution — the eagar teat in 
common nee — no reaction is obtained. Thin must not, however, be 
taken ah proving the romplote abfienec of sngar. There is a limit to 
the Bennitivenefw of ovorj ti'st, and in tho case of sugar the amonnt 
prenent may be too small for the tent to reveal it. Moreover, with 
urine, other matcrinln are present which exert an influence upon the 
test contributing in nomo measure to mwk the indication of sugar. 
Observation showa that an amount of sugar distinctly recognisable in 
a pare aqucoun solution may not bo recognisable when existing in 
urine. In water there in nothing to interfere with tho deposition, and 
oonsriinpntly the ready perception, of any suboxide that may be 
formed. Tn urine, on the olher hand, the ammonia developed by the 
action of tho potash of the tost npon the nitrogenous matter present 
may Huffice to hold in solution the suboxide produced when only 
small in amount. Tn may thus happen that no precipitate at all is 
produced, when iu reality a uertain nmoiiut of reduction has talcen 
place. The only actual effect under the ciraumstances to bo perceived 
ii a certain extent of fading of colour, which it may be is so slight as 
to be barely appreciable, from tho diminution of the oxide of copper 
by its oonvoreion into suboxide. Tt is of course only where the 
quantity of sugar present is minute that it is liable to be concealed in 
this way. Where tho amount is large the suboxide produced ig 
beyond the capacity of tho ammonia generated to dissolve it, and it 
then fnlls as tho well-known precipitate belonging to the action of the 
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Althongh it may thtia be fouTid that no reaction ia perceptible on 
testing healtby urine with the copper Holntion, the presence of engap 
is nevertbplesa susceptible of being demonstrated by appropriate 
meflna. Briickc, it ia known, some years back devised a process for 
the separation of sngai' by throwing it down in combination with 
oxide of lead. The procena is an eminently satisfactory one, and by 
its means sugar, to however minute an extent it may be present, can 
be extracted and placed in a position to be eaay of recognition. By 
operating upon a sufficiently large quantity of nrine, an amount of 
suEfar is obtainable which admits not only of recognition but likewise 
of quantitative determination. I will here give the main points of 
the process, and for full details upon the whole subject may refer to 
an article written by me " On the Recognition of Sugar in Healthy 
Urine," which was published in the 'Guy's Hospital Reports 'for 
1876. 

The urine is first treated with neutral followed by basic acetate O'f 
lead. The effect of this is tfl lead to the precipitation of the urio 
acid, sulphuric acid, phosphoric acid, hydrochloric acid, and, doubt- 
less, some other constituents of the urine, as lead compounds, the 
sugar remaining in solution. Filtration is performed, and the filtrate 
ia treated with ammonia, and a. furthef 
unless a large escesa of it has been i 
sugar falls in the precipitate now prodat 
a definite, insoluble compound of sugar 



r quantity of acetate of lead, 

n the first place added. The 

, through the formation of 

d oxide of lead. The pre- 



cipitate is then collected, and, in order to secure the complete removal 
of ammonia, washed until the washings no longer produce any effect 
upon reddened litmus paper. The next step is the liberation of the 
sugar from the compound existing in the washed precipitate. This 
may be effected by the agency of hydrochloric, sulphuric, or oxalic 
acid, bat a somewhat coloured product is the result, and it baa been 
suggested that the possibility may exist of the formation of sagni- by 
the action of the acid upon some other constituent of the urine carried 
down with the lead precipitate. A more colonrless, and therefore 
better, product is yielded by sulphuretted hydrogen. Althongli its 
application involves the occupation of conaidemblo time, it constitutes 
decidedly the preferable agent for employment. The washed lead 
precipitate is subjected, to the action of a stream of the gas until the 
sugar compound is completely broken up, which may be assumed to 
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have occurred when the product has acqaired an absolately nniform 
black colour thronghout. Filtratbn is next performed, and the 
excess of sulphuretted hydrogen expelled by heat. The liquid la 
then reduced to a small bulk, either over the water-bath or in tne 
vacuum of an air-pump. 

The product thus obtained is in a strongly acid state, and presents 
a considerable amount of colour. Neutralisation with carbonate of 
soda leads to the gradual deposition of a coloured substance, which 
should be removed by filtration. If any evaporation by heat is sab- 
Beqnentlyresort-ed to, the liquid should first be made slightly acid with 
acetic acid to guard against any destruction of sugar through the 
influence of alkalinity. To place the product in a more suitable 
position for the application of chemical tests, colour shoald be still 
further removed by the agency of animal charcoal, the charcoal em- 
ployed having been well purified from lime. It must, however, be 
remembered that animal charcoal not only absorbs colouring matter 
bnt tends also to take up and hold sugar with some tenacity. 
Thorough washing is therefore required in order to fnlly recover the 
sngar. 

Aa stated in the article (" Recognition of Sugar in Healthy 
Urine ") to which I have rcferrccl, I applied the process that has 
just been described in outline, and satisfied myself of the troth of the 
assertion that in the product yielded sugar is to be found. I spared 
DO pains to obtain adequate quantitiesof the isolated material to operate 
upon. The process of extraction was carried on from day to day for 
a considerable time, as fresh portions of urine were obtained, and 
altogether, in tho course of the numerous observations undertaken, 
fully 100 litres passed under examination, in quantities of two or 
three litres at a timo. Attention was given to secure that all the 
urine was derived from healthy persons, and the precaution was 
further taken of examining each collected portion with Fehling's 
solution, and rejecting any that gave the slightest indication of a 
reaction. 

Subjected to examination by the application of the nndenneutioiied 
tests, the product behaved in the following manner: — 

Boiling with a solution of potash was attended with the production 
of the deep brown colour known to occur in the presence of glucose, 

The addition of a few drops of nitrate of bismuth, and then of a 
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solation of potash or soda (Bottger's test) gave a white precipitate, 
which became black on boiling;, in accord with the e5eot produced by 
sugar. 

Boiling with Fehling's solution gave rise to the production of an 
immediate and copious pi-ecipitate of the reduced oxide of copper. 
For this, however, the complete removal of the ammonia used in the 
preparation of the product was necessary. With incomplete removal, 
the neat and decided reaction otherwise observed was replaced by 
decoloration and delay of pi-ecipitation till after somewhat prolonged 
boiling. It is to be renaarked also that where lime, dei'ived from the 
employment of animal charcoal which had been imperfectly freed 
from, this principle, waa permitted to be present, an interference with 
the proper reaction of the test was occasioned by the semi-gelatinouB 
precipitate it produced. 

The teats which have been referred to can only be said, strictly 
speaking, to afford presumptive evidence of the existence of BUgar. 
The occurrence of fermentation, however, manifested by the produc- 
tion of alcohol and carbonic acid gaa, may be regarded as supplying 
absolute proof of its presence. On exposing the product derived from 
the urine to thoinfluenceof yeast, I expected, looking at the statements 
thai had been made and the reactions afforded by the other tests, to 
meet with decided evidence of the occurrence of fermentation, and 
was surprised to find that it did not ensue. Not only had fermenta- 
tion been described as taking place, but estimations of the amount of 
sugar present had been made through the carbonic acid gas evolved. 
That the fault was not on the part of the jeast I employed was shown 
by the brisk fermentation which occurred when a portion of it was 
placed in an aqncous solution of grape sugar and exposed to the suit- 
able temperature. At a loss to account for the negative results that 
I obtained, I tried the effect of experiraeuting with urine to which 
sugar had been purposely added. Again the result was of a negative 
character. It thus became presamable that there waa something 
connected with the state of the product which checked the activity 
of the ferment. I noticed t..at a strongly acid condition existed, and 
it occurred to me to ascertain whether this might exert an arresting 
influence on ferment action. I thus waa led to neutralise the product 
with carbonate of soda, and I then found that fermentation actively 
proceeded. Through not having recognised, therefore, the necessity 
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of giving attention to this point, I failed in my first attempts to 
obtain fermentation. The circumstances observed stand, it is to be 
remarked, in accord with the statement of Pasteur, that acidity 
opposes whilst alkalinity favours the occurrence of fermentation. 

In addition to the evidence already brought forward founded upon 
methods of testing with which we have been long familiar, farther 
evidence is now adducible, derived from the application of other 
methods which have been recently discovered to constitute valuable 
tests for sugar. 

Phenylhydrazine, already frequently refeiTed to in this work, is 
an agent which forms crystalline compounds — osazones — with the 
various sugars. A convenient method of applying the test to healthy 
urine is the following : — The sugar is thrown down in the manner I 
have already had occasion to describe (p. 179), by the hydrated oxide 
of lead. The precipitate containing the lead compound is washed 
with water (it is not here necessary as for the application of the 
copper test to wash to such an extent as to get rid of the whole of the 
ammonia), dissolved in acetic acid to liberate the sugar, and the solu- 
tion treated with sulphuric acid for the precipitation and separation 
of the lead. After filtration, the liquid, which already contains the 
acetic acid wanted, is treated with phenylhydrazine in the requisite 
proportion, heated on the water-bath for about an hour, and after- 
wards set aside to cool. In the coarse of some hours osazone 
crystals separate out. Subjoined are photo-engravings from micro- 
photographs of osazones from different kinds of urine. 
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Benzoyl chloride constitutes anobber recently introduced test I 
which possessea the character of eitt'eme delicacy. The reaction i 
fonoded upon the formation of an insoluble compound with Bagar.l 
When shaken up with healthy mine it gives a white grannlar pre>h 
cipitate reaombling that yielded with a, eolation of glucose. 

The accniaulation of evidence which has been presented may be>l 
considered, I take it, to absolntely set the question that has been I 
disetiBaed at rest, and leave no room for donbt about healthy nriae I 
containing a certain amount of sugar. That such should be the case | 
is, indeed, only in accord with what might be looked for, in vi 
the fact, about which there is no dispute, that a certain amount of | 
sngar is preaent in the blood. 



Avimint of Sugar present in Healthy Urine. 
Satisfied upon the poiut that sugar was to be regarded aa a con- 
stituent of normal urine, I subsequently sought to obtain information, 
with regard to its amount. At the time of m.y fii-at giving attention 
to the subject the ammoniated cnpric test had not been introdnced 
and I employed the gravimetric process which has been previously 
referred to in these pages. Under the circumstances existing, this 
process is open to the risk that the full extent of cnpric oxide reduc- 
tion may not be I'epresented by the suboxide collected, in con- 
sequence of a little ammonia having escaped removal in the washing 
of the precipitate containing the lead, oxide compound. With the 
ammoniated cupric test, it happens that no such risk of misrepre- 
sentation of cupric oxide I'eduction is incurred, and it altogether 
affords a far more ready and advantageous method for application, 
Moreover, we are here placed npon different ground, for the test 
admits of being directly applied to the urine itself, thus dispensing' 
with the previous separation of the sugar. The ni-ic acid possessing, 
as it is known to do, cnpric oxide reducing power, requires to be first 
removed, and this may be effected by precipitation with the neutral 
followed by the basic acetate of lead. Without the employment of 
the latter some of the uric acid fails to be precipitated, and may be 
subsequently recognised by crystallisation, contrary to what is the 
case when the basic as well as the neutral acetate has been employed. 
The sugar passes with the filtrate, from which the surplus lead ia 
removed by sulphuric acid cautiously added till it no longer pre- 
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cipitatea. After filtration potash, is need to render alkaline, and 
titration is then performed with the test solution. If the cnpric 
oxide reduction found to occur be read off aa pi'odaced entirely by 
sugar, the amount of this principle ordinarily existing in healthy 
nrice may be said to stand at abrjut 06 or a little over per 1000. 



Relation of the Sugar of the Urine to that of the Blood. 

Under the presunrvption that a negative behaviour with the ordinary 
niode of testing was indicative of an absence of sugar, Bernard con- 
tended that up to a certain point sugar might exist in the blood with- 
out passing off with the urine. 

In support of this, he stated that if half a gram of grape sugar 
per kilo, of body-weight were injected into the jugular vein of a 
ralibit none appeared in the urine, whilst if a gram, per kilo, were 
employed a certain amonnt was to be fonnd. He went further, and 
asserted that in the dog the blood might contain 240 per lOOO of 
sugar without any being discoverable in the urine, whilst i£ it con- 
tained 2'60 per 1000, sugar waa to be met with. The mean, or 250 
per 1000, he spoke of as representing the amonnt that could be 
tolerated in the blood without passing off with the urine. With I'efer- 
ence to this last statement, it may be safely assumed that his experi- 
mental basis was at fault, for, as will be seen later on, 2'50 per 1000 
of sugar in the blood constitutes a condition that is attended with the 
escape of a notable amount of sugar with the urine. In the case of 
the injection of the half gram and the 1 gram of sugar per kilo, into 
the circnlation of the rabbit, the difference observable resolves itself 
into a question of whether the amount reaching the nrine sufficed to 
be revealed by the sensitiveness of the test or not. 

In reality, up to a certain point, sugar may exist in the urine 
without being indicated by the ordinary mode of testing, i 
difference between nrine which does, arid that which does not, j 
reaction is simply a difference of degree as regards amouut, i 
of, as it presents the appearance of being, a difference of kind. 

In Bernard's experiments sugar was injected into the circulation 
and the urine subsequently examined with the ordinary copper test, 
a teat which, as I have pointed out, has a limit of sensitiveness that 
permits a certain small amount of sugar to escape being revealed. 
With the nrine of the rabbit especially, which is often much loaded 
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with solid matter, tlie development of ammonia in the application of 
the test may be such as to conceal a considerable amount of sugar. 
This I have ascertained by comparing the reaction with that given 
by the ammoniated cupric test. As much as 5, 6, or 7 per 1000, or 
even more, may be shown to be present by the ammoniated cupric 
test, without anything but an obscure reaction being given with 
Fehling's solution. 

I have undertaken a set of experiments with the view of penetrat- 
ing further into the matter under consideration. Sugar was injected 
into the circulation, and the sugar present in the blood determined, 
in some instances immediately, and in others at the end of different 
periods. Where the urine was obtainable, quantitative determina- 
tions of the sugar which it contained were also made. The animals 
experimented upon were rabbits of about 2 kilos, weight. From 15 
to 20 c.c. of honey solution, containing definite quantities of glucose 
(determined by titration), were in each case injected into the jugalar 
vein. In order that the normal state might as nearly as possible 
prevail, the employment of an anaesthetic was purposely avoided. 
Steps were taken to secure that the animal remained tranquil during 
the operative procedure upon the vein, and, as a matter of fact, but 
little notice seemed to be taken by it of what was done. For obtain- 
ing the blood, the animal was killed by pithing, the chest opened, and 
the right heart incised, the whole being done as rapidly as possible 
in order to preclude the influence oi post-mortem change. The results 
of the experiments stood as follows : — 

Injection of 1 gram of Glucose per kilo, of Body Weight. 

Rabbit I— Sugar per 1000, 

Killed at once ; no urine obtainable. expressed as glucose. 

Cardiac blood 1^1/^^^ «^P^^"«^^id '• ^'^ 

\after „ „ 5-000 

Rabbit II— 
Killed at once ; no urine obtainable. 

Cardiac blood /^?f^'^^^P^^^^^^ 5-555 

1. after „ „ 5 *263 

Babbit Ill- 
Killed 30 minutes after the injection ; 
no urine obtainable. 

\after „ , 2-703 
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Sugar per 1000, 
Babbit IV — ciLproaBcd us glueoee. 

Killed 1 hour after Ihe injection. 

r- a- ui J ffaefore sulphuric acid 1 '460 

Onnimo bl<«)d 1^^, ' ^.^ 

Urino obtained rbefore Bulphuric aoid 55*100 

aft«r death .1. after „ , 55-160 

Babbit V— 
Killed H hoiira after the injection, 

/y !■ LI J r before sulphuric acid 1'243 

""^"""•{.fto , 1-53S 

Urine obtained J before sulphuric acid 11 '370 

after death , L after „ , 21-160 



Ittjeetion of 5 gram of Olueose per kilo, of Body Weight. 

, fbeti 
^{aft. 



Kabbit VI— Sugar per 1000, 

Killed at once ; no urine obtainable. eipreeeed a» glue 

Cardiac blood / ^!'":^ sulphuric acid . 



Babbit VII— 
Killed 30 minutes after the injection ; 



2-548 



Cardiac blood -[''^^""'""'P'""'''""^ ^"t 

Latter „ „ 1 573 

Babbit VIII— 

Killed 1 hour after tbe iojection. 

r^-.^:^ M^ A / before sulphuric acid 1'390 

'^■"^^•'^'^iafttr „ „ 1-370 

Urine obtained/beforesulphuric acid II '370 

after death. L after „ „ I7-8G0 

These eiperiments fail to support the proposition of Bernard re- 
garding a tolerating capacity of the system for a certain aTaoont of 
sugar. The results obtained were such as might naturally be looked 
for ■with the iatroduction of a difinsible substance like sugar into the 
oircnlatioQ. Where 1 gram per kilo, was injected, and the blood was 
examined immediately, the araounta discoverable are observed to 
stand in close conformity. From the amounts fonnd immediately 
after the injection, both of the gram and the half gram quantities, a 
steady fall is traceable in those met with at snbseqnent periods. At 
the end, however, of an hour and a half the fall had not reached the 
point representative of the normal condition. The mine, where it 
was obtainable, showed the presence, even after the injection of the 
half gram per kilo., of a considerable amount of angar, and in one of 
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the experiments after the injection of the one gram the quantity- 
amounted to 55 per 1000. 

It must not escape notice, in experiments of the nature under con- 
sideration, that the state of the bladder, as regards fullness or 
emptiness at the time of the injection, will form an important factor 
in determining the character of the result obtained, by influencing 
the extent to which the urine secreted after the injection is diluted 
by that previously existing. 

A point deserving a passing comment is that in some of the 
instances a sugar with a lower cnpric oxide reducing power than 
that of glucose was present, notwithstanding glucose was the form, 
of sugar injected. 

In another series of experiments, Isevulose derived from the 
recently devised process of manufacture was injected into the circu- 
lation in place of the glucose (mixture of dextrose and laBvulose) of 
which honey consists. 1 gram to the kilo, of body weight was the 
quantity used, and the steps of operative and analytical procedure 
were precisely the same as in the experiments recorded above. 

Injection of 1 gram of LoBVulose per kilo, of Body Weight, 

Rabbit I— Sugar per 1000, 

Killed at once. expressed as glucose. 

Cardiac blood { l^^" ''"Ipl'"^'' '^^^ ' ' y/^ g.yg^ 

Urine obtained / before sulphuric acid 3'571 

after death . |_ after „ „ 6'250 

Rabbit II— 

Killed 30 minutes after the injection. 

Cardiac blood { ^^^^ »'Jph»ri° '"'id 2|23 

Urine obtained f before sulphuric acid 97*402 

after death . \ after „ „ 71*091 

Babbit Ill- 
Killed 1 hour after the injection. 

Cardiac blood P|5^~ '^P^^^ ^^^^ Jt^ 

Urine obtained / before sulphuric acid 37'037 

after death . \ after „ „ 35*333 

Rabbit IV— 

Killed li hours after the injection. 

Cardiac blood / ^l^^'® sulphuric acid 1*603 

\ after „ „ 1517 

Urine obtained f before sulphuric acid . . 30*303 

after death . \ after „ „ 25*900 
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On looking throQgh these reanlfca and comparing them with those 
belonging to the preceding geriea in which 1 gram per kilo, of 
glncoBe from honey was injected, it is noticeable that no significant 
difference in the araonnt of sugar found in the blood exists between 
the two. It fortunately happened that urine was procurable from 
each of the rabbits after death. In that obtained from rabbit II, the 
proportion of sugar was strikingly large, whilst with rabbita III and 
IV a notable amount was also found. The conspicuous point of 
difference observable from the preceding series ia in the fall in the 
amouut of sngar occasioned by boiling with sulphuric acid. This 
efFect of the treatment with acid ia only in harmony with the known 
property of liBvulose in becoming more easily destroyed or lost by the 
action of heat and acids than dextrose. From the urine of rabbit I, 
in which only the sngar naturally belonging to the healthy etate was 
present, the fignres obtained after the treatment with enlphuric acid 
are higher than those yielded before the treatment. The inverted 
condenser, it may be remarked, and not the autoclave, was employed 
in the case of all the urines. 

As the outcome of all that has preceded, not only may it be said 
that sugar normally exists in the urine, bnt further that it i.^ present 
in proportion to the amount contained in the blood ; and this holds 
good for the alight flactuations occurring under ordinary conditions 
as well aa for the larger amounts nccarring in connection with 
diabetes. 

In illnstration of this last aaaertion, I may give the results of 
some observations whioh I conducted some years ago upon peraons 
suffering from diabetes, and which were recorded in the Croonian 
Lectui-es, "On certain points connected with Diabetes," 1878, p. 80. 
Blood obtained by cupping was analysed, and the urine passed during 
the corresponding twenty-four hours' period was collected, measured. 

In the appended table the particulars are arranged so as to show 
the salient points belonging to each observation. Case I was that of 
a patient aafi^ering from, a severe form of diabetes, and subsisting at 
the time upon a diet of ordinary niixed food. II and III were also 
severe eases, and ia these, observations were conducted when the 
patients were upon an ordinary mixed diet, and again when the sugar 
to be eliminated had been diminiahed by the exclasion of starchy and 
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saccharine matter from the food. Case IV was one of a milder type, 
and the sngar passed under a partially restricted diet was less than 
that passed nnder the restricted diet in the other cases. 

Nothing could show more clearly than these results that the 
amount of sugar appearing in the urine stands in proportion to the 
amount existing in the blood. The urine in reality constitutes the 
channel of exit for the sugar which is abnormally present in diabetes, 
and in this way affords the natural provision for keeping down the 
amount within the system. Sach being what is noticeable with 
reference to the sugar belonging to diabetes, it would indeed be 
strange if a different principle prevailed with reference to tbat 
belonging to health, and if, with a diffusible substance like sugar, the 
contention of Bernard held good that a hard and fast line existed 
between escape and non-escape with the urine. The fact, indeed, is 
that a small amount of sugar, as has been shown, exists in healthy 
urine, in harmony with the small amount existing in healthy 
blood. As the amount rises in the blood so it rises in the urine, 
without any absolutely sharp line of demarcation existing between the 
normal and abnormal states. The transition, in fact, from health to 
disease, instead of being abrupt, takes place by gradations of an 
insensible nature. 
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In accord with what is noticeable elsewhere thi'oagliout the Byatem, 
luaeclo contains a certain amonnt of sngar. I have made a large 
number of observations npon the sugar belonging to it, and will here 
famish a representation of the information which has been obtained. 

Mammalian Animals. —The following digest gives the main points 
of information derived from 115 determinations of mnscle-sngar in 
the dog, rabbit, cat, sheep, horse, and pig. J^M 

Naiure of Sugar. |H 

the nature of the sugar met with, it is to be stated that 
;ide i-educing power belonging to it stood, in the great 
istancBB, below that of glucoae. The ordinary range of 
■or was from about 45 or 50 to about 80, as compared 
at 100. The average was found to bo about 65. 



majority of i 
I'educing pc 
with that of 
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OsBione crj-stals from the sugar of Uig musclo (dog). Magnifletl 'WO diaiuetera. 
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Osazone crjstala from tli 



rdiac musclo (dog). 
Amount of Sugar. 



The aanount of Bugar, estimated in tliQ form of glucose, stood J! 
the largest number of instances at from 2 to 4 per lOOO, In n 
instance was the quantity found to be less than 1 per 1000. Rarely I 
was it observed to exceed 5 or 6 per 1000. Upon one occasion, how- | 
ever, as much as 9 per 1000 was found. The instance falls in 
series of analyses given a little further on of mascnlar tissne taken J 
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from diflferent parts of a dog, and applies to the muscle of the hind 
leg. The accompanying glycogen figures stood, it was likewise 
noticeable, unusually high. Another large amount that I find re- 
corded was yielded by the muscular tissue of the diaphragm of a dog, 
the figures for which stood at 3*800 per 1000 before treatment with 
sulphuric acid, and 7*100 per 1000 afterwards. In this case, as in 
the other, muscular tissue taken from different parts was examined. 
The analytical figures for the other parts were of an ordinary char- 
acter. The amount of the accompanying glycogen was. below the 
usual. 

To ascertain whether an ordinarily conducted examination fur- 
nishes a correct representation of the amount of muscle-sugar existing 
during life, a piece of muscle was in several instances removed 
quickly after death, and placed in a freezing mixture, whilst another 
pieces was taken in an ordinary way. No difference of a definite 
nature was encountered. The following detailed account of an 
observation may be given : — 

Cupric oxide 
reducing power of the 
Sugar per 1000, sugar present in 
expressed as relation to that of 

Bahhit — glucose. glucose at 100. 

Muscle of fore-leg — 

T7 ^' / hefore sulphuric acid . . 1 '747 1 «^ 

Frozen portion I ^^ ^„ „ .. 2-730 |^ 

Unfrozen por- J* before „ » •• 1*983 X^fj 

tion i after „ „ .. 2*567 }"• 

Muscle of hind-leg — 

Frozen portion {^^;^ '' ;; ;; ^'.^ }59 

Unfrozen por- / hefore „ „ . . 2 '427 1 g^ 

tion \ after „ „ •• 3*640 J 

Amount of Sugar in Muscular Tissue derived from different parts. 

The muscular tissue taken from different parts of the same animal 
was sometimes found to present considerable variation in relation to 
the amount of sugar present. The following is an example in 
illustration : — 
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Oupric oxide 

reducing power of the 

Sugar per 1000, sugar present in 

expressed as relation to that of 

glucose. glucose at 100. 

Dog— 

•, , - . ^ f before sulphuric acid 2 '468 1 ^^ 

Muscle of tongue.... I ^^j. ^ ^^ ^^ 3.^27 /^ 



diaphragm < 



before 

, . / before 

heart .... ^^^^ 

V J 1 /before 

^^•^®8-- 1 after 



>» 



it 

» 

»> 

a 
>> 



1-662 
2-250 

2*855 
4-700 

6-502 
0-292 



}74 

}«■ 

}70 



Nothing was deducible from the observations pointing to the 
existence of any specific difference associated with a difference in the 
kind of animal. 

Question of the Influence of Food, 

No effect was traceable to food, except that in a groap of instances 
where sugar was administered in conjunction with other food a rather 
higher range of figures was presented. 

Non-Mammalian Animals : — I have given a summarised, instead of 
a detailed, representation of the observations conducted upon the 
mammalian animal, on account of the large number to be dealt with. 
Tliose upon other animals, being comparatively few, may be given 
in full. Two points are noticeable in connexion with them. The 
amount of sugar is in general less, and its cupric oxide reducing 
power, especially in the case of the crustacean animal, lower — in 
some instances indeed conspicuously lower — than in the mammal. 

Cupric oxide 
reducing power of the 
Sugar per 1000, sugar present in 
expressed as relation to that of 

glucose. glucose at 100. 

Fowl^ 

Muscleof breast P^/^'^^^^P^^^^^^id---- J'fSO ^^ 

L alter „ ,,...• « -340 J 

lee /before „ „ .... 1-120 \«, 

^®«--\after „ „ .... 1-930 /^ 

Grouse — 

Muscle of breast I ^^^'^ " » -•- JJ^O ^ 

\after „ „ 2*780 /** 
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Tortoise — 

Muscle., {a?ter'"^^!!''"" 

Tortoise — 

Muscle ....... /^^'•« » 

t after „ 

Frog — 

Muscle I'^f"" » 

\ after „ 

Frog — 

Muscle /^?5^^® 

[^ after „ 

Salmon — 

Muscle I'^/o" " 

I, after „ 

Cod— 

Muscle 1^^/^^^ " 

Turhot— 

Muscle |Y°" " 

1^ after „ 

Mackerel — 

Muscle . /before 

Plaice — 

Muscle {^t" ;; 

M-ie {^^ ;; 

Muscle r before „ 

(another portion) \ after „ 

Lobster — 

Muscle of tail.. {^f;;« » 

claw /^®^<>'® 
Claw ^^^^^^ 

Lobster^ 

Muscle of tail.. {^^4^;« » 

claw /before 
Claw ^^^^^^ 

Lobster — 

Muscle of tail.. {^^«^^;« » 

claw i^^^^^^ 
Claw ^^^^^^ 

Mu«,leofclaw{^47 ;; 
Crah— 
Mxuoleofolaw {^^^ » 





Sugar per 1000, 
• expressed as 
glucose. 


Cupric oxide 

reducing power of the 

sugar present in 

relation to that of 

glucose at 100. 


cid 




1-220 
1-810 


}67 






1 -272 
2-254 


|66 






0-970 
3-030 


|32 


»> * 




0-975 
2-330 


|42 






0-530 
2-300 


|23 






0-830 
2-170 


|38 






0-830 
1-460 


}57 






2-469 
4-602 


|56 






2-453 
8-240 


}76 






0*800 
2 '030 


|39 






0-700 
1-810 


|88 






1-037 
1-720 


|60 






0-780 
2-730 


-28 






0-620 
1-660 


-87 






1-760 
2-090 


-83 

.1 






0-230 
0-743 


}.. 






0-270 
0-624 


|43 






1-500 
1-500 


}ioo 






1-482 
2-892 


}62 



■p 
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^ 


^^^^^ THK HPLKHN 


IN RKI-ATION TO 


fiUGAH. ^^^H 




from a uoUnotiou o( twenty obonrrMLiun*. ^^| 


^^^^^B 




Oupno utiJa ^H 






iwluoing powar of tti* ^^H 




iuHsr tier HiUJ 


rl^Znt^hatot ^1 




«l|)ri-H>il ■* 






glucoM >t IW. ^H 


,,.„,.M^„. {«;-•'.. 


iirid Ruid. ... 1 'Hill 
1084 


}" ■ 


.,u...,.,-p.,{S£r 


1-9M 

„ .... ll'T77 


}" ■ 


B,U.. . I «.,....{ 5i7 


, 1-687 

IBS? 


}" ■ 


•■"-»'•'■'•«•■•• {S£r 


„ ..., a -018 

a-777 


},. ^m 


»,,i..„.rj...,...{l;':;" 


a-dii 

B-H1[( 


■"■ 




^^M 


% ■ '9?^ 




^^H 




^^v« , 


• fi jMm 




^^^H 




K^ 


J. . d^^^H 




^^H 




v«dH 




9 ■ 


^^^^^1 




rl| 




ILJ 


^^^H 




I ^ 






^^1 




L i** • 




1 


^^^^^1 




L '^•^ 






^^^^^H 




L<* m 




t M 


^^^^^H 




i^l 


»^ ** ^^\^ 




■ 


1 


Mil 




ll..,r..). 
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THE KIDNEY IN RELATION TO SUGAR. 
Bepi'eHeiitative examples from a collection of fifteen obaervationB. 

Cupric oiide 



Kidiiej of 111 
Kidi]«; of horae. . 
Kidney of dog . • 
Eidne; of dog , . 
Kidney of sheep.. 







Sugar per 1000, 

eipresBBd m 

gluco.!-. 


reducing power of tli 

relation to that of 
gtUCOM ut 100. 


/before 
^■' \ after 


dp 


uricftcid.... l'B72 
„ .... 3'B75 


J61 


„ /before, 
^" Liittor 




O-flM 

1-133 


J79 


/before 
"tnftor 




, „ .... 1'685 
„ .... 2-229 


}76 


/before 
■•"l after 




, 1-123 

, 1-76S 


|64 


/before 
P- 1. after 




, 0-960 

1-380 


J70 




Osuoue orystaU from tlii 
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THE PANCRKAS TN RELATION TO SUGAR. 

RoprcBoutativo examples from a collection of eighteen obgervations. 

Cuprio oxide 

reducing power of the 

sugar present in 

relation to that of 

glucose at 100. 



1, -I f before Bulphurio acid.. 

raiiereaH of lioi'so i e^ 

Fancn^as of hIicoj) < .., 



Pancreas 



of shoop i 



before 
aft(<r 



Pancreas of dog. . | ^^^^^^ 
Pancreas of dog. . | J^^^^^ 



»> 
a 

a 
I) 









>» • • 



11 
n 



t • 



Sugar per lOOO, 

cx))ressed as 

glucose. 

1'4C3 
2*688 

0-731 
1-388 

0«712 
0*726 

0*812 
1*483 

2*314 
3*843 



|54 
}68 
1 98 
}67 
1 69 



THE LUNG JN RELATION TO SUGAR. 



Four obHcrvatioiis. 



LungHofdog....|^^f;J^^^° 

T « 1 r before 

Lungs of dog.... I ^^^^^ 

Lungs of fcetal / before 
pups \ after 







Hugar per 1000, 
expressed as 






glucose. 


huric 


acid. . 


.. 1*646 


>> 


i» • • 


. . 2 -183 


It 


II • • 

II • • 


.. 3-180 
. . 4 -870 


1} 


>> • • 


.. 0-047 


II 


II • • 


.. 1-400 


1) 
1) 


II • • 
II • • 


.. 1-631 
. . 1 -725 



Cupric oxide 

reducing power of the 

sugar present in 

relation to that of 

glucose at 100. 



}n 

J66 
J-67 
}96 
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THE BBAIN IN RELATION TO SUGAR. 
Representative examples from a collection of six observations. 



Brain of dog { ^^ sulphuric acid 

B>-"-f^°8 {after" 



» 
It 



ii 



n 



)} 



Sugar per 1000, 

expressed as 

glucose. 

0-780 
1-500 

1-318 
1-705 

0-720 
1-216 



Cuprio oxide 

reducing power of the 

sugar present in 

relation to that of 

glucose at 100. 

52 



}77 
}59 



THE PLACENTA AND FCETUS IN RELATION TO SUGAR. 



Four observations. 



Placenta of dog. . {^^^ sulphuric a^id 

Placenta of rabbit {^^^^ 

Fcetuses removed 1 
from the uterus before 
of a recently *after 
killed rabbit ^ 

Placenta and early f before 
fcetuses of rabbit \ after 



Sugar per lOOC^ 

expressed as 

glucose. 

1-461 

1-438 

1-263 
2-285 

2-845 
4-699 

1-411 
2 043 



Cupric oxide 

reducing power of the 

sugar present in 

relation to that of 

glucose at 100. 

glucose 



} 
} 

} 

} 



55 



61 
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ORGANS OF GENERATION OF FISH AND CRUSTACEA 

IN RELATION TO SUGAR, 



Cod— 



fl«^»^a*;/. «««o« /^©^O'o sulpliuric acid 
Spermatic organ -< ^^^^ *^ 

Ovary 



f before 
\ after 



Mackerel — 
Spermatic oi^ganj J^^® 



Ovary 

Lobster- 
Ovary 



f before 
1 after 



r before 
\ after 



Lobster — 
^ r before 

o^^y i.8ft«r 

Ova attached to f before 
tail \ after 



Crab- 
Ovary 



{before 
after 



Crab— 
Spennatioo^{^^; 



before 



it 



it 

it 
tt 



it 
ti 



it 
tt 

tt 
it 



it 



It 

a 



It 

ti 
a 



ti 

a 



a 

it 
ti 



it 
it 



it 

ti 



Caprio oxide 
reducing power of the 
Sugar per 1000, sugar present in 
expressed as relation to that of 

glucose. glucose at 100. 



0*430 
1*960 

0-630 
1-950 



2-300 
3-680 

1-530 
4-090 



3-440 
7-380 



3-600 
3-600 

1-430 
2-570 



2-600 
4-300 



2 020 
4-760 



22 
32 

62 
37 

47 

100 
55 



60 



42 
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THE EGG IN RELATION TO SUGAR. 



The egg agrees with other animal products in containing a certain 
amount of sugar. My observations have been conducted upon the 
egg of the domestic fowl, and I have carried my enquiry to the con- 
dition existing during the progress of incubation. 

Taking the entire egg and including the shell in the initial weight, 
the following figures show the amount and nature of the sugar found 
in three analyses : — 

Capric oxide 
reducing power of the 
Sugar per 1000, sugar present in 
expressed as relation to that of 

glucose. glucose at 100. 

Fresh egg — 

1 i^^''^'"::^'"^!^:::: i^l }<^^ 

2 Kr ;: :::::: IZ }«'-« 

•" {a^r :: :::::: Utl U^ 

An examination of the white and yolk separately gave the sub- 
joined results. The egg taken weighed, including the shell, 63*13 
grams. The white obtained from it weighed 37*06 grams, and the 
yolk 18*75 grams. The sugar figures respectively yielded stood as 
follows ; — ' 

Cupric oxide 
reducing power of the 
Sugar per 1000, sugar present in 

expressed as relation to that of 

glucose. glucose at 100« 

White {^T'"'^!'.""'":':::: I'Z }ei-- 

^o'^ Kt :; :::::: Vil }»« 

Nearly mature ova, taken from the ovary and therefore compre- 
hendiDg only the yolk, gave, on examination, the following figures : — 



NATURE AND AMOUNT OF SUGAR. 



Cuprio oiide 

reducing power of the 

sugar present in 

relation to that of 



I 



taken from th 



' [before sulphur 
' I after 



},.. 



It thus appeal's that the kind of sugar met with is, in both white 
and yolk, shown to be practically glncoso, and that the white contaioB 
a fai' larger amount than the yolk. For the entire egg the quantity 
stands at from about 2 to about 25 per 1000. 

The character of the osazone derivable from the sugar of the egg 
conBrma what has just been stated regarding the form of Hogar 
present. Sabjoined is a photo- engraving from a micro -photograph 
of the crystals obtained from an aqueous extract of the white of egg 
treated with phenylhydrazine. They constitute typical crystals of 
gincosiizone. 




Osnzouc ci7»tiilB from tho sug.ir of tlie I'gg. Minjuilicd 400 diamettTs. 
The efiect of incubation was studied thTOugh_the employment of an 
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THE EGG IN RELATION TO SUGAR. 



incnbator. Pains were taken to procure fertile eggs, but many of 
them, nevertheless, failed to undergo any development. In others 
development proceeded np to a certain point and then stopped. It 
farther unfortnnately happened, in connexion with a batch, that jnst 
before the completion of the full tei*m of incubation the temperatnre 
was permitted to fall below the proper point, which led to several 
nearly mature chicks being found dead within the shell. It was 
found in all cases that, under exposure in the incubator, a loss of 
weight steadily occurred, amounting, at the end of the twenty-one 
days term of incubation, to something considerable. In one instance 
it was noticed to have reached to as much as over 20 grams. To 
secure a uniform basis of comparison, the initial weight of the egg 
was taken in making the calculation. If calculated in relation to the 
diminished weight existing, higher proportionate figures would be 
presented, giving a semblance of the occurrence of an increase in the 
amount of sugar where no increase had actually taken place, or con- 
cealing a fall where such in reality had occurred. 

When the egg was removed from the incubator, the shell was 
broken and a careful examination made, to see if any development 
had occurred. Of the eggs which were found not to have undergone 
development, several were submitted to analysis, as well as those 
which had done so. The results obtained ran as follows : — 



Period when talcen 
and condition. 

8th day- 



Sugar per 1000, 

expressed as 

glucose. 



T* V' u fhefore sulphuric acid.. 

Live chick .... I ^^^^^ ^ 

9th daj— 

T- u- u /before 

LiTe chick ....jafter 

11th day— 
Liye chick 



{before 
after 



12tli day- 
Live feathered /"before 
chick \ after 

14th day — 

Live feathered f before 

chick \ after 

Small dead f before 

chick \ after 



n 

a 

» 
ft 
a 



» 
ti 

» 
ti 

a 
a 

a 

a 
it 

a 



• • 



0-918 
0-970 

0-594 
0-694 

0-733 
0-789 

0-637 
0-859 

0-618 
0-690 
0*421 
0-427 



Cuprio oxide 

reducing power of the 

sugar present iu 

relation to that of 

glucose at 100. 



95 



glucose. 



93 

74 

90 
98 



INFLUENCE OF INCUBATION. 
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Period when taken 
' and condition. 

16th day- 
Live feathered 

chick 
Evidence of 



{before sulphuric 
after 



some incipi- 
ent develop- 
ment, but no 
distinct em- 
bryo noticed 

19th day- 
sman dead 
chick 

2l8t day— 

fair-sized dead 
chick of 

about the 
10th day 

20th day— 
Nearly full- 
sized dead 
chick 

2l8t day— 

Nearly full- 
sized dead 
chick 

21st day— 

Nearly full- 
sized dead 
chick 



8th day— 
UndcTeloped •• 

10th day- 
Undeveloped , , 

16th day- 
Undeveloped • • 

17th day- 
No appearance 
of develop- 
ment 

19th day- 
No appearance 
of develop- 
ment 

21st day- 
Undeveloped , , 



before 
^ after 



r before 
1 after 



before 
after 



I before 
rafter 

I before 
J after 



I before 
J after 



{before 
after 

{before 
after 

{before 
after 

I before 
J aft»r 

I before 
I after, 

/before 
I after 



a 






n 






n 
n 






» 



II 



II 
II 



II 
II 



II 
II 



Sugar per 1,000, 

expressed as 

glucose. 

acid.,«. 0'578 
„ •••• 0*662 



,1 • • • « X Xi/X 

f^ • • • • X * JuOiS 



»♦ • • • • 
II •• •• 



l> •• •• 

n •• •• 



>i • 



i> • 
II • 



11 • 
i> • 



II 
II 

11 

II 

II 
II 



i» 
11 



II 
II 



II 
If 



0-5U 
0-562 



0-391 
0*474 



0-744 
1*068 



0*539 
0-688 



0*591 
0*827 



2-485 
2-528 

2*797 
2*811 

2*450 
2*206 



0*543 
0-543 



0*656 
0-635 



1*014 
1*218 



Cupric oxide 
reducing power of the 
sugar present in 
relation to that of 
glucose at 100. 



88 



94 



92 



83 



70 



78 



71 



98 



99 



glucose. 



glucose. 



glucose. 



84 
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210 THE EGG IN BELATION TO SUGAE. 

On looking at the above results, two points are noticeable — one, a 
marked and speedy drop in the amonnt of sngar at the commence- 
ment of embryonic development, and the other, an alteration in the 
character of the sugar, represented by a diminution of cupric oxide 
reducing power. Two instances, it is observable, occur amongst the 
undeveloped eggs, in which there was a similar drop in the amount 
of sugar found, and the question suggests itself, on account of the 
general accordance in the results, whether there might not here have 
been some incipient development which had escaped observation. 

The analyses, it may be stated, also included the determination, 
by the process adopted for the estimation of glycogen, of the carbo- 
hydrate matter contained in the residue from alcoholic extraction. 
No alteration was discernible that could be considered attributable 
to the influence of development. The same, it may be remarked, 
was found to be the case with the figures expressive of the total 
carbohydrate encountered. 



GLYCOGEN" AND PROTEID-CLEAVAGE CARBOHYDRATE. 



I have now to speak of tbe carbohydrate matter, other than sugar, 
obtainable from the coastitnent parts of the animal system. After 
the removal of sngar by alcokolic extraction, the reaidtio atill gives 
evidence of the presence of carbohydrate. With certain tissuea, this 
carbohydrate consists, undonbtodiy, to a greater or leas extent of 
glycogen. — a principle the discovery of which resulted from the 
masterly researches of Bernard. In addition, as I have shown, in an 
earlier part of this work when treating of the glucoside constitution 
of proteid matter, the residue yields, ander the process of analysis 
which I have been in the habit of employing for the separation and 
estimation of glycogen — namely, boiling with potash and precipitat- 
ing with alcohol — a certain amount of carbohydrate material, not 
identical with, but closely allied to, glycogen. 

As regards glycogen, it is well-known history that Bernard, ia the 
first instance, recognised it in the liver. Subsequent investigation 
led to his recognition of it in muscle and in the lungs, whilst in no 
other tissue of the adult animal did he meet with it. In the prosecu- 
tion, of further research he detected it in cells belonging to the 
amnion and placenta, and subsequently found it widely distributed 
through the tissues of the fcetus. From observing its presence in tlie 
skin aud its epithelial appendages, in the lining surface of the 
alimentary canal, in the ducts of glands opening into the alimentary 
canal (not the glands themselves), in the respii-atory surface, and iu 
the gen i to -urinary surface, of the embryo, he was led to regard it as 
being concerned in the development of the limiting membranes. In 
the liver he noted that glycogen did not make ita appearance until 
about the middle of in ti'a- uterine life. In fcetal structnres other 
intioned, with the exception of mnsole, he did not detect 



3 those n 



its presence. 

In my own work in connexion with the liver, T, at an early period, 
had recourse for the extraction and estimation of glycogen to a pro- 
cess which consisted, as I have previously mentioned, in boiling with 



212 



GLYCOGEN AND CLEAVAGE CAKBOHYDRATE. 



potasb, precipitating' with alcohol, boiling with dilute sulpbaric acid, 
and titrating with the ammoDinted cnpric test solntion. Circum- 
Btances afterwards led to my applying the proeeaa to other consti- 
tuents oE the body, I had happened to notice in the case of blood 
that the residue from alcoholic extraction, on being treated with 
boiling water, yielded a prodnct possessing a certain small amount of 
cnpric oxide reducing power before treatment with snlphurio acid 
and an amoant considerably greater afterwards. This, after being 
pnt to the te<t of enquiry, I concluded was due to the pi^sence of 
glycogen together.with a little sugar wliieh had escaped removal by the 
alcohol, I was led now to apply the potash process m.ade use of for 
the separation of glycogen from the liver to the residue from the 
alcoholic extraction of blood, and I found that it yielded a non-i-educ- 
ing substance precipitable by alcohol and convertible throngh the 
agency of sulphuric acid into a reducing sugar. I afterwards applied 
the process to the tissues and organs of the body generally, with the 
result that in each cane a similar product was obtained. 

Unaware of what I have recently discovered with regard to the 
glucoside constitution of proteid matter, I looked upon the product 
obtained as consisting of glycogen. Research, however, has tauglit 
me that the proteid entering into the constitution of the blood and 
other component parts of the body yields, under the potash process 
employed, a cleavage carbohydrate, which accompanies the glycogen 
where such exists, and in the crises where no glycogen exists stands 
alone as the sonrce of the eupric oxide reducing product obtained. 

I may mention. here that in my former writings I have spoken of 
glycogen (and, of course, with it was included the cleavage carbo- 
hydrate from proteid) under the term "amyloid substance." As I 
have previoQsly stated, I look upon the term " glycogen " as a mis- 
nomer, on account of the unsound physiological bsisis npon which its 
application is founded. I have felt that the term " amyloid substance " 
J8 one that simply expresses the nature of the mateiial and involves 
no physiological error, and, therefore, that its adoption in the place of 
" glycogen " would be exceedingly desirable. The term " glycogen," 
however, has become so deeply rooted in chemical and phyaiulogical 
literature, that to avoid complication I have considered it wise to sink 
my own view on the matter, and have employed it throughout in this 
work, instead of the term " amyloid substance " which I formerly used. 
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A new difficnlty is created by tho discovery of the cleavage carbo- 
hydrate from proteid matter, aa this pasfles with the glycogen in the 
reanlta yielded by analysis. I do not at prcBent eee how they are 
Batisfaotorily to be separately estimated. The resulta that follow 
comprise the figures derived from both materials. When the analyses 
were undertaken I was nnairare o£ what has since been learnt about 
the increased cnpric oside redncing power which results from the 
employment of 10 per cent, aa compared with 2 per cent, sulphuric 
acid when the cleavage carbohydi-ata ia being dealt with. Aa I have 
shown (p. 37), the increase is to the extent of nearly doubling tlio 
capric oxide reducing power. Ifc follows, therefore, that in the re- 
Halts given, aince 2 per cent, waa the strength of acid in all caaee 
employed, the cleavage carbohydrate is considerably under -estimated. 
Moreover, a further source of uuder-eatiniation, it must be stated, 
exiats in connexion with the treatment with potash, for I have found 
that if blood or other proteid- containing matter be mixed with 
potaah and allowed to remain in contact with it for several days 
before being boiled, a larger amount of cleavage carbohydrate ia ob- 
tained than if the boiling is performed at once. The results given are 
derived from analyses in which the boiling (with 10 per cent, potash) 
was conducted without any previous prolonged standing, and thereforo 
represent an amoant of material short of what might have been 
attainably obtained. They mnst, therefore, be only taken for what 
they are really worth— that ig, not aa affoi'ding full or precise informa- 
tion of the state existing in the individual casea, but aa giving an 
approximate representation of the truth relating thereto, and with 
thia a coiTect representation of the comparative state of the different 
specimens examined. It will be understood that the romarka which 
have juat been made do not apply to the estimation of glycogen. 
Whatever of this principle may be present, is fully and aeoaratsly 
represented by the process employed. 

In the results that follow, then, the figures referring to the cleavage 
carbohydrate are conaiderably under-stated. The cleavage carbo- 
hydrate and glycogen I am obliged to expreas together, aa they are 
both yielded by the process adopted. For the sake of convenience 
they will be comprised, assuming that the cleavage carbohydrate, like 
glycogen, ia of an amylose nature, under the term "araylose carbo- 
hydrate," which will thus represent the carbohydrate obtained from 
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the residae from whicli the sugar ha§ been remoTed by alcoholic ex- 
traction. How moch may be actaally clearage carbohydrate, or bow 
much glycogen, it ia imposBtble de6nitely to eay. All I can ventare 
npon stating ia that, in the reanlta that follow, anything of account 
beyond about 2 or 3, or poasibly 4, per 1000 may presumably be 
regarded as dne to glycogen. 

Under the description of the analytical steps of procedure given in 
a former part of this work, I referred (p. 63) to the fallacy that in 
liable to be occasioned by the employment of paper filters, through 
contamination of the product with cellnlose. Glass-wool was in- 
variably employed as a filter medium in the analyses from which all 
the resulta that follow were derived. 
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BLOOD AND VARIOUS STRUCTURES OF THE BODY IN 
RELATION TO AMYLOSE CARBOHYDRATE (PRO- 
TBID-CLEAVAGE CARBOHYDRATE AND GLYCOGEN). 



Blood. 

Amongst a collection of observations taken under a variety of cir- 
cumstances and conducted at various times, I find over a hundred 
which may be selected as representative of ordinary or natural 
conditions. In these the average figures yielded for the blood of the 
general circulation stand at about 1 per 1000 or a little over, expressed 
as glucose, the ordinary limits being from about 08 to 1*3. 

As far as the results before me show, no evidence is afforded of 
any appreciable influence being noticeable in the blood of the general 
circulation as the effect of the ingestion of food. In the case, how- 
ever, of the portal blood, a decided influence is perceptible, which 
presents itself in its most pronounced form after the ingestion of starchy 
food. Under these latter circumstances, the figures met with have 
frequently stood as high as 2 to 2'6 per 1000, and in one case they 
reached 2*7 per 1000. In a series of fifty-two observations upon 
animals taken at a period of fasting, after animal food, and after 
starchy food, the average figures for the portal and the cardiac blood 
respectively stood as follows : — 

Amylose carbohydrate per 1000, 
expressed as glucose. 
At a period of fasting — 

Portal blood 1-13 

Cardiac blood 1*12 

After animal food — 

Portal blood , 1-35 

Cardiac blood 1 '^8 

After starchy food — 

Portalbiood 1-79 

Cardiac blood 1*07 

Sugar introduced by injection into the general circulation appears 
to lead to an increase of amylose carbohydrate in the blood. In some 
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experiments upon rabbits where glacose from honej was injected 
into the jognlar vein, not only was a large amoant of sugar afterwards 
found, as shown at p. 189, but also, in most of the instances, an 
unexpectedly large quantity of amylose carbohydrate. The figures 
for the latter stood as follows in the seyeral instances : — 



Amyloee carbohydrate, expressed as glucose, 
per 1000 of blood collected from the heart. 

Rabbits Babbits Babbits Babbit 

killed killed killed killed 

at once. after i hour, after 1 hour, after li hours. 
Three rabbits — 

^ gram of glucose per 
kilo, of body-weight 
injected into jugular 
vein 2-26 2*04 2-20 — 



Five rabbits — 

1 gram of glucose per 
kilo, of body-wefght 
injected into jugular 
rein 1 '25 



2 -38 1 '51 2 02 



In another set of experiments on rabbits, in which 1 gram of 
IsBvulose per kilo, of body- weight was injected into the jugular vein, 
the figures obtained stood as follows: — Killed at once, I'll; after 
i hour, 1*54 ; after 1 hour, 1*67 ; and after 1^ hours, 1*67 per 1000. 



Muscle, 

Amylose carbohydrate per 1000, expressed as 

glucose. 

External muscles. Heart. Diaphragm. 

J fright leg 1-681 , .o« o-OS 

^tleftleg 1'53/ ^^ ^^ 

oFrightleg 1'251^ ,-iy j.gQ 

^lleftleg 1'13/ ^ ^^ ■^^ 

3 16-67 7-72 29-59 

4 3-14 1-96 19-61 

5 2-34 0'42 — 

6 1-23 019 — 

7 0-95 1-07 — 

8 15-67 — 

9 (foetal pups) 11-37 1*64 — 
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Amylose carbohydrate per 1000, expressed as 

glucose. 

t * ^ 

External muscles. Heart. Diaphragm. 

1 1615 7-55 — 

2 1717 7-31 — 

3 6-70 6-67 — 

4 5-47 4-50 — 

5 11-11 218 — 

6 16-33 — — 

Sheep, — 

1 2-14 113 — 

2 2-69 1-26 — 

3 2-19 1-42 — 

4 1-49 2-15 — 

1 3-22 1-54 — 

2 3-26 1-21 — 

Itahhit, — 

1 0-94 0-66 — 

„ ffore leg 0-811 

^Ihindleg. I'OQ/ "" ^ 

„f fore leg 0'54\ 

**\hmdleg 0-54f "^ 

In several observations npon mnscle taken indiscriminately from 
different rabbits, the figures obtained stood as follows : — 3*13 — 1*97 — 
1-37— 1-25— 1-04-1-00 and 0-67 per 1000, 

Gat, — In eleven observations upon mnscle taken indiscriminately, 
the figures respectively obtained were — 14-62 — 9*24 — 7*35 — 6*80 — 
6-79— 5-72— 5-93— 3-95— 3-20— 1-49 and 1-35 per 1000. 

Fowl, — One observation. Mnscle of breast, 0*50 per 1000. 

Chouse, — One observation. Mnscle of breast, 0*50 per 1000. 

Tortoise, — Two observations. Mnscle taken indiscriminately. 
Figures given— 12-11 and 28'62 per 1000. 

Frog, — ^Muscle obtained from two batches of f5rogs. Figures re- 
spectively yielded — 6-40 and 9*68 per 1000. 

Fish, — Seven observations. Salmon 0-87 — turbot 1*98 — cod 0*93 — 
eel 0-37— eel 0*36— mackerel 0-33 and plaice 0-34 per 1000. 
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Amyloae carbohydrate per 1000, 
expressed as glucose. 



t 7» 

Crustacean. — Muscle of claw. Muscle of tail. 

Lobster 1 4*13 1-62 

2 2-58 1-16 



}> 



»> 



8 0-37 0-42 



Crab 1 1-77 

2 615 



>» 



Pancreas. 

Dog, — Five observations. Fignres respectively yielded — 2*21 — 2*97 
—0-44— 075 and 320 per 1000. 

Gat, — One observation. Fignres given — 1'47 per 1000. 

Horse, — Five observations. Fignres yielded — 4'44 — 6*95 — 5*03 — 
3-B2 and 1-20 per 1000. 

Sheep. — Five observations. Figures yielded — 2*31 — 2*02-~2*74 — 
2- 15 and 354 per 1000. 

Spleen. 

Bog. — Seven observations. Figures respectively yielded — 1*04 — 
2-36— 2-14— 1*67— 0-76— 207 and 1*18 per 1000. 

Cat (spleens from a litter of sucking kittens). — One observation. 
Figures yielded— 2*86 per 1000. 

Horse. — Four observations. Figures given — 2*52 — 3* 78 — 2*38 and 
0-62 per 1000. 

Sheep. — Seven observations. Figures given — 4*07 — 3*27 — 2*08 — 
277— 0-94— 2-15 and 099 per 1000. 

Kidney. 

Dog. — Seven observations. Figures yielded — 1*34 — 1*30 — 0*51 — 
0-45— 102— 1-13 and 0*57 per 1000. 

Cat (kidneys from a litter of sucking kittens). — One observation. 
Figures yielded— 1-97 per 1000. 

Horse. — Four observations. Figures given — 3*86 — 1*55 — 213 and 
1-54 per 1000. 

Sheep. — One observation. Figures given — 1*25 per 1000. 

Brain. 

Dog. — Six observations. Figures given — I'OO— 0'91 — 0*76 — 0*36 — 
0-51 and 104 per 1000. 
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Lungs. 



Dog. — Two observations. Figares yielded — 1'53 and (foelal pups) 
5-02 per 1000. 
Horse. — One observation. Figures yielded — 4'88 per 1000. 

Intestinal Mucous Membrane. 

Dog. — Under fasting. Two observations. Figures given — 3*70 
and 310 per 1000. 

Under a meat diet. Three observations. Figures given — 4 03 — 
3-G9 and 3-10 per 1000. 

Babbit. — ^At a period of digestion. Three observations. Figures 
given— 173— 2-24 and 2*09 per lOOO. 

Placenta and F(etus. 

Dog. — One observation upon placenta alone. Figures yielded — 1'83 
per 1000. 

Bdbbit. — Four observations. Figures given — placentsB, 22'55 — 
associated foetuses, 3*12 — foetuses of another animal, 7'37 — placenta 
and foetuses together, 2*51 per 1000. 

Generative Structures of Oviparous Animals. 

Fowl. — Two observations. Ovarian eggs, 4*63, and mucons 
membrane of oviduct, 11*79 per 1000. 

God. — Two observations. Ovary (hard roe), 4' 73, and testis (soft 
roe), 2-20 per 1000. 

Mackerel. — Two observations. Ovary (hard roe), 3*81, and testis 
(soft roe), 3-30 per 1000. 

Lobster. — Three observations. Ovary, 8*11 — ovary, 10*97, and ova 
adhering to the tail belonging to the same lobster, S'OO per 1000. 

Grab. — Two observations. Ovary with ova, 6*70, and testis with 
ducts, 370 per 1000. 

I must repeat what I before stated with regard to the value to 
be attached to the above figures, namely, that they must only be taken 
for what they are really worth — that is, as giving a comparative re- 
presentation of the results obtained from different components of the 
body by the same process of treatment. Glycogen, when present, 
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may be taken as full/ represented. The cleavage carbohydrate from 
proteid matter is, I know, only represented to the extent of about 
half the amount that is obtainable by nsing 10 per rent, instead of 
2 per cent, snlphnric acid for conversion into sngar, and grounds exist 
for believing that there is more carbohydrate material locked up 
in proteid matter than is brought into view by boiling "with 10 per 
rent, potash in the first instance and the employment of 10 per 
cent, snlphnric acid for subsequent conversion. 
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As the outcome oE what has preceded, the viewa which have pre- 
vailed eioce the promulgation of the doctrine giving to the liver a 
glycogeuie function must be absolutely abandoned. The edifine has 
been constructed apou a, false foundation, and nothing short of ita 
complete demolition will suffice to meet tbe requirements of physio- 
logical ti'uth. 

A clearance of the ground is necessary in order that the new 
material supplied by research may nnirapededly be worked into 
form from a new departure, based upon the sounder methods of ex- 
perimental procedure placed at our disposal by modern science. 

The experimental results I brought forward upwards of thirty 
years ago, although standing confirmed by others, have not had the 
full meaning attached to them that I conceive should be given. For 
my own part, throughout the long series of years mentioned, I have 
never wavered for a moment with respect to the interpretation the 
results in question should receive. 

Formerly analytical knowledge was not sufficiently advanced to 
permit of what the esperimentalist observed being put into language 
to secure the production of the same impression upon the mind as 
would arise from actually seeing the results of the observations 
themselves. All this is now changed, and quantitative sugar deter- 
minations can be expressed with such precision as even to excite 
surprise at what is attainable. I am constrained, therefore, to think 
that, in view of the assemblage of facts presented in this volume, 
the convictions which have so irresistibly taken possession of ray own 
mind cannot fail to penetrate into the minds of others. The error 
existing has, I know full well, taken deep root in the belief of 
physiologists, bnt 1 have no misgiving that, sooner or later, it will 
come to be entirely eradicated, and that reference to animal glyco- 
genesis, as it is now understood, will be expunged, except as a matter 
of history, from works on physiology. 

The question is one of great importance, standing as it does at 
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the foDndatJon of the connexion of tbe oarboliydrateB witb aliment- ] 
ation — in other words, of their disposal within the Byatem — and the 
comprehension of the nature and origin of the wrong action standing 
at the foundation of tho formidable disease — diahelea mellittu. 
There are two aspects, tlierefore, presented, giving rise to a demand 
of a weiphty character for eiact knowledge. By stadying the 
quesLion from both aapects — -physiological and pathological-^ the 
investigator is placed in a more advantageous position for compassing , 
its elucidation than when the opportunity is afforded of studying it j 
from one aspect only. 

The more extensive the field of observation, the larger the supply 
of material upon which to generalise. It will not be disputed that 
the physician and physiologist combined has a wider range of view 
before him than either the one or the other separately. The physio- 
logist works upon ground where normal action is at play, and seeks 
to find ont how the carbohydrates become naturally disposed of. The 
physician baa to deal with a departure from normal action, taking 
the form of a failure of power to properly dispose of carbohydrate 
matter, and to prevent its elimination as sugar by tbe kidney. 

It may, indeed, be traly said that in the consideration of the 
physiological question I have derived immense advantage from my 
experience in connexion witb diabetes. Closely watching, as I have 
done for years past, through tbe quantitative determination of sugar 
in the urine, tho relation between the sugar eliminated and the food 
ingested, I have been placed in a position I could not otherwise have 
attained. Without the knowledge thas supplied, I could not possibly 
have expressed myself in tho confident terms in which I consider I 
am now able to do. 



I will now proceed in a concise manner to I'evisw the arguments 
springing from the facts adduced in this work which stand opposed 
to the validity of the glycogenic doctrine. As carbohydrate matter 
must, however, of necessity be in some way or other disposed of in 
the system, we become confronted with tbe question oE the manner 
in which its disposal actually takes place. Until recently, all I 
coald assert was that carbohydrate matter became assimilated or 
placed in a position to be susceptible of utilisation within the system, 
instead of being allowed to reach the general circulation aa sagnv. 
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and thencQ to escape aa waste material with ttie urine. By the per- 
Eevering' prosecntioa of research, however, I am now plaoed in a 
different position. The key has been supplied which eaabtes me to 
follow the carbohydrates along the path taken by them in their appli- 
cation to the purposes of iife. Nothing but the disclosures of research 
could have suggested to me the solation that has been presented. To 
this matter T will direct attention aEler the clearance of the ground 
has been effected from the views that have been hitherto entertained, 
fieferenee to what has been said about the condition of the liver, 
taken at the moment of death (pp. 133—138), and that of the various 
other Btrnctnres of the body (pp. 194 — 205), showa that it is not true 
that the liver during life is, as has been alleged, in a more sacchariue 
state than other parts of the system. Practically speaking, the state 
of the liver under physiological conditions is uot essentially different 
from that of the other struetares I have examined ; and in the 
ease of muscle it has to be said that the amount of sugar present 
may be very considei'obly beyond that found in the liver at the 
moment of death. Sogar, in reality, exists as a normal constituent of 
all the tissues and organs of the body. The liver, indeed, stands in 
the same position as other strnctares, not only as regards the amoutit, 
but likewise as regards the nature, of the sogar present. In the liver 
taken for examination, without any precautions to prevent post- 
Tnortem change, glucose is the kind of sugar met with. The sugar, ou 
the other hand, that is found in the liver at the moment of death 
poBseaaee, as shown by the analyaea given (pp. 137 — 138), a cnprio 
oiide redacing power more or leas below that of glucose, in accord 
with what is seen to be the case in the analyaea oE the other stroo- 
turea of the body. 

Thus one of the main tenets of the glycogenic doctrine is seen to 
be absolately untrue, the foundation for it arising from the error of 
taking the post-mortem to represent the ante-mortem state. 

Reference, further, to the experimental results representing the 
Ettate of the blood belongiog natoraliyto life (pp. 110—111 and p. 101 
et teq.) shows that the blood flowing from the liver does not contain 
more sugar, as it has been asserted to do, than that flowing to it. 
Sugar is present throughout the contents of the circulation, in which, 
iu fact, it may be considered to exist as a constitutional component, 
as in other parts of the sytitem. No appreciable difference is found 
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(pp. 166 — 171) in the amount contained in arterial and yenons blood, 
nor is there less, as has been alleged, in the blood of the portal vein 
than elsewhere (p. 101 etseq, and pp. 158 — 171). The analyses given 
show that even after prolonged fasting the portal blood contains 
sugar similarly to the other parts of the circulation, and that after 
the ingestion of carbohydrate matter it contains a great deal more. 
Whilst, speaking precisely, the sugar present in the blood of the 
general circulation ranges in amount from about 0*6 to about 1 per 
1000, the amount in the portal blood after the ingestion of carbo- 
hydrate matter may stand as high as 5, and upwards of this, per 
1000. 

The effect of what has been said is to show that there is no 
evidence of the occurrence of the disappearance of sugar from the 
blood in its transit through the systemic capillaries, assumed under 
the glycogenic doctrine to take place; and, correspondingly, no 
evidence of the transport, as a functional operation, of sugar from the 
liver to the systemic capillaries. 

The liver, indeed, instead of actually throwing sugar into, or 
allowing it to pass into, the general circulation, in reality checks the 
progress of carbohydrate matter onwards. It prevents the fluctuating 
condition, as regards sugar belonging to the portal blood, from 
travelling on and being transmitted to the blood of the general 
circulation. 

Through the instrumentality of the liver, then, the blood of the 
general circulation escapes being influenced by the ingestion of 
carbohydrate matter. In the exercise of this office of the liver, the 
sugar from ingestion contained in the portal blood is stopped and 
converted into glycogen. Thus much is admitted by all, but it is 
generally thought that the glycogen becomes subsequently recon- 
verted into sugar to be transmitted on, serving only as a convenient 
form of storage carbohydrate material. This implies that the sugar 
of ingestion after all reaches the general circulation, and it is con- 
tended that the object of conversion into glycogen is merely for the 
sake of temporary storage— in other words, that at the time of active 
absorption the carbohydrate matter is detained, to be given out slowly 
afterwards. Let us see how this argument stands the test of 
criticism. 

Concisely stat'Cd, it is asserted that when sugar from ingestion \a 
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paaaing in the portal blood to tlie liver it becoraea, to a greater or leas 
extent, temporarily stopped, to be given back into the circalation 
when the entry from ingestion ia not taking place. 

In discussing tbe point I will, in the first place, direct attention to 
circK instances esisting in the case of the rabbit. In thia animal the 
stomach never becomes empty, as it does in animala generally. 
Digestion ia constantly proceeding, and, even after the lapse of 
tweuty-fonr hoars fi-om the ingestion of food, it is fonnd that tho 
portal blood gives evidence of the presence of absorbed sugar by 
containing more (vide p. 103) than naturally exists in the blood of 
the general circulation. Assuming, as may fairly be done, that the 
vabbit does not ordinarily pass longer than twenty-fonr hours with, 
ont taking food, it follows that there will always esist in the portal 
blood more sugar than in that of the general circulation. This ia 
tantamount to saying that nnder ordinarily prevailing circumstances 
there is always a state existing calling for tbe exercise of a stoppage 
action, which is not reconcilable with stoppage for temporary storage, 
but, on the contrary, mnst involve arrest for application in some 
other way. 

From the condition of the nrine looked at in relation to different 
kinds of alimentation, which I will in the next place consider, we 
obtain a strong point of evidence touching not only the limited ques- 
tion of temporary storage but the whole question of tenability of the 
glycogenic doctrine. 

Healthy nrine contains (p. 178) a certain amount of sugar. The 
amount is in proportion to that esisting in the blood of the general 
circulation (p. 187). The blood and the urine, indeed, stand 
throughout in accord with each other as regards sugar. When sngar 
is present to a larger extent than usual in the contents of the general 
circalation it correspondingly shows itself in the urine. Thns the 
condition of the urine in relation to sugar moves with, and in fact 
serves as an index of, that of the blood. Through the urine, there- 
fore, knowledge is supplied concerning the quantity of sugar that ia 
permitted to reach the genei'al circulation. 

Now, with the animal feeder, in which the ingestion of only a 
limited amount of carbohydrate occurs (and even it may be said, in 
the fasting animal where no ingestion is occurring) the urine stands 
in the same position with respect to sngar as that of the vegetable 
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feeder, wbose food contains a lai^ amoaot of carbohydr&te matter. 
The blood of the general circalatioo, in conformity with what has 
prefionaly been said, likewise corresponds in the two cases. With 
the ingestion of the limited amonat of carbohydrate, the blood and the 
nrine contain a certain amomit of ttngar. With the ingestion of an 
ftnionnt incomparably greater, the same state of things is still 
enconntered. Both the blood of the ge:ieral circnlation and the 
urine remain nninflnenced by the ingestion of carbohydrate matter, 
BO long as it does not exceed ordinary limits. But stoppage from 
entry into the circulation, through storage by the liTer, cannot be 
indedniteiy carried on, and, taking into account a lengthened period 
of time, it is obvions that, if ingested carbohydrate were in reality 
transported as sagar to the systemic capillaries, its transit in the case 
where there haa been free ingestion must proportionately add to that 
existing where the ingestion has only been licaited in amount. 
Sooner or later the extra amonnt must pass through the circulation, 
and where fi'om day to day the quantity to pass is ten, twenty, or 
thirty fold greater thau under an animal diet, the addition mast 
pi-eaeut a source for the kiduey to draw upon and thereby lead to a 
proportionate presence of sugar in the urine. ^ 

With the limited ingestion associated with animal food, the uriqifl 
contaiuB, as has been said, a certain amount of sngar. Any addi* i 
tional carbohydrate ingested should have the effect of augmenting' 
this sugar, and of doing so in proportion to its extent. It is not, 
however, in reality found that under ordinary circumstaucea the 
urine gives evidence of being inBuenced by carbohydrate food. 
Hence, for compatibility, we have to say that the passage of any 
quantity of sugar into the circulation from carbohydrate matter 
ingested within ordinaiy limits goes for nothing as regards ePEect 
npon the urine, whilst influence is exerted by the known small 
amonnt of sugar existing in the blood in association with an animal 
diet and even w t'.i an absence of food. 

The liver, in fact, instead of doing what is claimed for it under the 
glycogenic doctrine, does exactly the reverse. It neither forms sufar 
to be discharged into the general circulation and conveyed to the 
tissues, nor temporarily stores up carbohydrate matter from ingestion 
to be subsequently allowed as such to pass on. On the contrary, it 
keeps the general circulation free from the sugar that would otherwise 
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enter and show itself in the urine. Its oMce is an arresting 
relation to carbohydrate matter, and if it were not foi- the e 
this offioe we should all bo in the same position as the diabetic. It 
furnishes a line oE defence against the passage of carbohydrate in a 
free state into the circulation, and thus prevents the sugar, derived 
from alimentary absorption, which is contained in the portal blood, 
front proceeding further. In proportion as the line ot defence is 
ineffectual, sugar will reach the general circulation and then the 

As an outcome, the difference between health and diabetes may be 
expressed in the following terms; — 

In health the capacity exists of stopping the onward progress into 
the general circulation of the sugar derived from ingested carbo- 
hydrate matter, when the ingestion stands within ordinary limits. 
When the ingestion exceeds ordinary limits the capacity of arrest, 
which is not unbounded, may not be equal to effecting a complete 
stoppage. A portion may in this way reach the general circulation, 
and, in proportion aa it does so, will appear in the urine. Hence the 
explanation of the saccharine urine found to occur (p. 116) as an 
accompaniment of esceBsive feeding with sugar. In farther illustra- 
tion, I may mention that the highest figures I have obtained for the 
sugar in normal blood have been with rabbits which had been highly 
fed with oats. In accord, the urine in these instances has given 
evidence through the ammoniated cupric test of containing a lai'ger 
ataonnt of sagar than is ordinarily met with in healthy urine. 

In diabetes, on the other hand, carbohydrate matter is not pro- 
perly stopped and disposed of, but is permitted, instead, to reach 
tlie general circulation in the form of sugar. The faulty state 
presents itself in all stages of advance. Eveiy gi'ade of diversity 
exists between the healthy state and the state belonging to the 
severest form of diabetes. In some instances the capacity of stop- 
page is only just below the normal. In these it is only when carbo- 
hydrate matter is rather freely ingested that saccharine urine is 
encountered. In others more and moi-e Impairment of the power to 
check transmission into the general circulation exists, and in corre- 
spondence less and leas carbohydrate matter can be ingested without 
appearing in the oriue. 

One point is linked with another, and my experience of diabetes 
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oonnU Iar((oIy as a bulp tuwai-ds enabling me to apeak with the pre» 

ciflion and oonlitlotica 1 am doin^. Besidee a large number of 

Keen io the oounte of my manj years' hospital practice and in private 

GoniultatiiniB oataide my house, I have, ezteading np to the moment 
at whiuh I am wriliiig, a record in my cane- hooka of 2,612 cases Been 
at liome, in all of wbicli I have closely watcbeJ, under the most 
variod circuniBlttnces and through the qaautilative examination of 
tbd urine, the dimiuatiun of sugar in relation to the food ingested. 

Now, the teiMihings of this experience point unequivocally to ita 
being contrary to the physiological order of events for ingested 
carbohydruto to reach the general circulation in a free state to be 
trannroittBd to the systemic ca[iillaries for destruction in some, 
muHt be naid, unknown way, No other conclusion, I hold, is permi 
liiUe, and I have no misgiving that sooner or later tiiiH view w 
moot with general acceptance'. In tact, it is through the occuiTOnc* 
of whnt the glycogenic doctrtue implies tlmt diLibetea is caused, and 
the symptoms of the diseaiso are due to sugar being allowed to reach 
the general circulation. In proportion as it does so, a deviation from 
the natural state is created by the sugar of the blood being 
from its nornial standard proportion, 

The effect of dietetic treatment in diabetes stands in strict hairmoiij 
with the view adopted. As I have already said, the disease essenj 
ally ooniists of a loss, or of more or less impairment, of the power' 
which naturally disposes of ingested carbohydrate matter, and pr&-- 
' vents its reaching the general circulation in the form of free sugar. 
Of the nature and effect of this power I shall speak later on. 

Through the defective power existing in diabetes, sugar finds it*. 
way into the blood of the general system, and, in proportion as ifc: 
does so, places if, in an unnatural state, the effect of which is to inter- 
fere with the performance of nutritive action, and of the processes of' 
life genei-ally in a healthy manner. From the position held by the 
blood, it is only in accord with what may reasonably be expected that 
with an altered constitution it should, in proportion to the extent of 
alteration, carry disturbance everywhere. 

The deviation troia the natural state, induced by ingested oarbo* 
hydrate matter being permitted to reach the genei-al circulation, toi 
which the varions ti-onblos belonging to diabetes, it must be 
aidered, are attri'^utnble, dopeuda as regards degree, in the 
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place, npoQ the extent to which the icnpairnieiit of the power oE Btop- 
page esiste, and, in the next, upon the amount of carbohjdi'ate 
ingested. The one ia at the root of the disease, and if it could be 
rectified all would immediately he set right. The other is under our 
eoDtrol, and by proper regulation of the diet much may be done to- 
warJs ameliorating the condition existing. It inuat be remembered 
that anima! as well as vegetahle food contains a certain amount of 
free carbohydrate; and, as I have shown in this work, aagar is set 
free by digestion as a cleavage prodact from proteid matter. There- 
fore, in all food a supply of carbohydrate matter ia given from 
without. This, in part, acconntB for the sugar encountered in severe 
cases where sugar is paseed, notwithstanding restriction to a purely 
animal diet. 

I have said " in part " acconnts for the sugar erconntered ; for, ia 
severe cases, there must be something further to be dealt with, seeing 
Cliat augar is even passed apart from the influence of food^ There 
can be no doubt that sugar is nusceptible of being derived from the 
tissues, and, looking at what I have been led to propound with regard 
to the glucoside constitution of proteid matter, there is nothing unin- 
telligible about it. On the contrary, in view of all the circum- 
stances, it ia a reasonable supposition that in connexion with the 
altered state of thiigs existing, a ferment becomes present endowed 
with the power of wrongly splitting up the glncoaide proteids of the 
body in the same manner as, for instance, amygdalin is split up by 
emulsin. 

There is, then, a class of CBFse in which the fault consists only of 
a loss, or, it may be, varying degi-ees of impairment, of the power of 
disposing of ingested carbohydrate matter in such a manner as to 
prevent its reaching the general circnlation ; and another, in which, 
in addition to this, a condition within exists attended with the 
splitting up, with sugar as a cleavage prodnct, of the proteids of the 
body. The former is completely controllable by dietetic manege- 
ment, the latter only so to a partial estent. 

Most cases, I will not go so far as to say all, are in the incipient 
state controllable, with respect to the elimination of sugar, by diet. 
In yonng subjects it is usual to find that the condition is observed to 
remain only temporarily controllable. An insidious "something" 
advances, carrying the case on into a more and more prononnced 
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state of development. In subjecta of more matnre years, on the other 
band, if the morbid tendency ia not enconrmged by allowing the un- 
natnral condition, arising from the continned pervasion of the system 
■with sugar derived from defectively disposed of ingested carbo- 
hydrate, to exist, it ia nsnally observable that the case may be kept 
indefinitely controllable. I may, even, go further and say that, nnder 
strict and persevering attention to dietetic management, conjoined 
with a certain form of dmg treatment which I believe affords 
material help, experience shows that a tendency to restoi-ation ia 
promoted ; and that, as a result, whilst at first no starchy or aacchar- 
ine food conld be taken without giving rise to the elimination of 
fingar, in the course of time more and more power of properly dis- 
posing of carbohydrate matter is acquired, leading to the toleration 
of more and more carbohydrate matter in the food without giving 
rise to saccharine urine until, it may be, the capacity for the resump- 
tion of an ordinary diet is re-established. 

It may be safely accepted that the point to bo attained for pro- 
moting the restoration of the power of properly disposing of carbo- 
hydrate matter is to establish and maintain aa close an approximation 
as possible to the natural state as regards the blood, and thereby the 
system throughout, in relation to the presence of sugar. On bringing 
the position to a normal one in this respect, all the symptoms of the 
disease at once disappear, whilst previously it may have been noticed 
that they were more or less speedily growing. 

I have seen it asserted, under the erroneous notion of there being a 
functional transport of sugar to the systemic capillaries, that carbo- 
hydrate articles of food ought not to be totally withheld even althongh 
a considerable voidance of sugar may be occurring. This ia equivalent 
to saying that a deviation from the norma! state as regards the blood 
and the system throughout is to be disregarded. Moreover, even 
if the premises were sound, the argument is illogical, as the voidance 
of sngar affords proof that already the blood is surcharged with sugar 
which is running off as waste msterial. To add more through the 
medium of the diet wonld be simply to increase the surplus existing. 
It is true, throngh failure of appetite and inability to take sufficient 
food ouder restriction to the list of appropriate articles, reasonable 
grounds for relaxing the diet may arise, but this ia a totally different 
maUcr, 
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Eeatriction from carbohydrate food should not be carried farther 
than experience shows to be necessary, in the particular case under 
consideration, to main^a^u a normal state of arine. The amonnt of 
carbohydrate matter that can be taken without leading to the ■void- 
ance of sugar presents considerahle variation in different cases, and 
it happens that if what can be utilised is not supplied, a loss of body- 
weight and failareof strength ensue. Often the complaint sets in 
with only a slight diminution of the natural assimilative power, 
presenting itself under the form of what is spoken of as glycosuria. 
Under anch circumstances only a moderate restriction of diet is 
needed to meet what is wanted. If more be enforced, loss of weight 
will probably follow and the appearance bo giren that the treatment 
is iuflicting harm. By extending the liberty to that which the state 
of the urine shows may be done withont over-stepping the range of 
toleration, immediate improvement will occur. Such, in every case, 
should constitate the principle of action to be adopted. 

It may happen that restriction in diet is needed to bo enforced 
to the full eitent at the commencement of treatment, and not so 
later on. An interesting sequence is noticeable in these cases. 
The patient, it may be, has been the subject of diabetes for some 
time without knowing from what he was suffering. The nature of 
his malady becomes discovered, and he is placed, as a part of the 
treatment adopted, on the restricted diet. He had been hitherto 
steadily losing ground, but now his symptoms disappear ; he gains 
in weight, and, altogether, in the course of a shoi't time he becomes 
restored to a greatly-improved condition. The treatment has at once 
prodoced a marked effect upon the urine, hut perhaps a little time 
has been required to get it entirely iree fi-om sugar. It remains now 
constantly free, and the patient continues to improve in health and 
strength. After a while it may happen to be noticed that a change 
begins to set in. Notwithstanding that the urine continaes free from 
sugar, the treatment, which before produced improvement, is now 
attended with a retrogression in weight, and naturally the patient's 
mind becomes disturhed from appi-ebension of a return of his 



Instead, however, of ground for concern existing, my experience 
informs me that the loss of weight under the circumstances mon- 
tioaed is to be taken as an indication of restoration, to a greater oi' 
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less extent, of the power of properly disposing of carbohydrate 
njatter. The power existing, and the opportunity not being given 
for its exercise, the want appears to be felt bj the system. At all 
events, in these pases I have confidence in concluding that on trying 
a little starchy food (best, 1 consider, in the form of ordinary bread, 
as the loss of this may be regarded as constituting tbe greatest 
privation) it will bo found not to give rise to tbe appearance of sugar 
in the nriite. On this proving to be the case, the amount should be 
guardedly and gradually increased, shovt of leading to a return of 
sugar. The result noticeable will be a speedy recovery and sab- 
sequent maintenance of weight. 

Hemarkable, bnt nevei'theless correct, to state, in cases where a. 
loss of weight does not, under corresponding circnnostances, super- 
vene, my experience jnstifiea the inference that the power of utilising 
carbohydrate matter has not become raised, and that, consequently, 
the ingestion of starchy food will be followed by the appearnnce of 
sugar in tbe nrine. Thus, when the power of making uae of starchy 
food has been restored, and starchy food ia not given, a loss of body- 
weight is observed, whilst such ia not noticeable where a restoration 
of power has not occnrred. Information is here supplied which in 
practice I turn to account as a guide in the details of dietetic 
management. Every oase requires to be dealt with upon its own 
merits, and for sacceaaful treatment a rational and intelligent plan of 
procedure, founded upon a precise knowledge of the condition of the 
urine, must be adopted. 




The only point remaining for consideration is the manner in which 
carhohydrafe matter becomes disposed of in the system. This really 
is the most important point of all in connection with our subject, aa 
it deals with the purposes to whicih the carbohydrates are applied in 
the economy of life. 

The glycogenic doctrine throws no light upon this matter. It 
falls short of reaching the point. It assumes that carbohydrate 
matter is thrown into the general cii-culation in the form of sngar 
for functional transport to the systemic capillaries, bnt it fails to 
proceed farther, and to show in what manner the sugar is disposed 
of. It simply leads into darkness, and nothing bat fmitless efforts 
haFe been made to obtain h'ght in the direction looked for. This 
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ia not, it may be said, to be wondered at, Beeing that tbere is not 
the functional transport that has been aeenmed to ocunr ; and that 
the facts before ns show that we must seek for the disposal of carbo- 
hydrate matter before the opportunity is afforded of its reaching 
the geneml circulation. To attempt to discover the manner of dis- 
posal in a sitnation that the sugar does not naturally reach is not 
likely to be attended with any satisfactory issue, and those who con- 
tinue to prosecute enquiry upon anch a foundation can scaroely fail to 
be left endlessly groping in the dark. 

There is no living matter withoat proteid, and probably even the 
broader statement may be made, that there is no living matter with- 
out proteid, carbohydrate, fat, and certain mineral constitnents. 
Carbohydrate matter may thus presumably be looked upon as univer- 
sally diffused thi^ough the living kingdom of nature ; and, so cir- 
cumstanced, it must have a compreheneiTe part to play in the 
economy of life. In speaking of the manner in which it becomes 
disposed of in the animal system, it seems to me that this considera- 
tion should be held prominently in view. 

IE we look around and give attention to what is happening, it la 
observable that certain changes are wronght upon carbohydrate 
matter by the agency of living protoplasm. By virtue of the power 
with which living protoplasm is endowed, carbohydrate matter located 
within its sphere of influence is noticed, it may be said, to undergo : — 

1. Transmutation; 

2. Application to the production of proteid ; and 

3. Transtormation into fat. 

The capacity for producing these effects may be regarded as con- 
stituting a common property appertaining to protoplasm in an active 
state, quite irrespective of which of our conventional divisicns of 
living nature the protoplasm belongs to. Universality of action is 
traceable without distinction in the animal and vegetable kingdoms, 

I will proceed to speak in detail of the disposal of carbohydrate 
matter by protoplasmic action under the respective heads enumerated 
above. From what ha* to be said upon the subject, I think it will 
be seen that we need not seek further for the explanation that is 
wanted to place the matter in a clear and intelligible light. Not 
only do we find that an adequate explanation is presented to account 
for the disposal of carbohydrate within the system, but that the seat 
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of dispnsal is located jnst where it properly should be, in orcler to 
permit of escape from the production of a diabetic state — that is, 
before the entrance to the general circulation is reached. 

1 . — Transmuta Hon. 

The transTnatation of carbohydrate matter was dealt with at some 
length in an early part of this work (p. 18, et eeq.}, and it was seen 
that, whilst fcrmentH and chemical agentB transmute by Increase of 
hydration — carrying, for instance, the principles of the amylose into 
the saccharose and glucose groups — the effect of the influence exerted 
by living matter is to reduce from the higher to the lower states of 
hydration. For example, the sngar contained in the sap of the plant 
is observed to be transmated into cellulose, which constitutes a fabric 
material of the organism, and into starch, inulin, &c., which serve as 
storage materials, and, in reality, contribute in the end to fubric 
construction. 

Through transmutation, carbohydrate matter meets with its chief 
application in the vegetabJe kingdom, the cellulose from which the 
fabric of the plant is conatrncted constituting an ultimate produat. 
I do not know whether it is to the full extent realised that the 
storage carbohydrate of the seed, tuber, &o., passes in reality to the 
same destination and that the process of storage only represents a 
temporary halt on the way. By protoplasmic action certainlv, and 
probably by incorporation with nitrogenous matter into proteid and 
transit through protoplasm, the sugar of the sap becomes transmuted, 
apparently in each case in a similar manner, into fabric and storage 
material. The storage carbohydrate, when exposed to conditions to 
lead oa to its application, becomes first of all hydrolysed by ferment 
action. Thus reconverted into sugar, it again stands in the position 
it held in the sap from which it was taken for storage deposition ; 
and now by the exercise of protoplasmic action in the developing 
organism it is carried as a final step into cellulose, for it is from the 
starch of the seed, &c., that the cellulose of the growing structoro is 

Id the animal kingdom evidence is adducible of the occurrence of 
transmutation in an analogons manner to what is observable in the 
vegetable kingdom. Transmutation, however, does not here to a 
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like extent load on to application to textare conBtrnction ; indeed, it 
IB only to quite an insigniGcaiit extent that it does so. An example 
in forthcoming in the deposition of celluloee as a teztnre basis of the 
test or outer inTeBtment of the tnnicata. 

Transmntation, however, conieH somewhat largely into operation in 
reducing sngar to ihe state of a carbohydrate of lower hydration for 
storage purpoies. Glycogen is the form of carbohydrate into which 
the sugar is in the animal transmnted, and it ia interesting to notice 
that in the tribe of organisma of the vegetable kingdom, which 
are wanting in some of the attributes of plants, and present excep- 
tional analogies to the animal, namely, the fungi, the storage carbo- 
hydrate exists under the form of glycogen and not of starch. 

A notable illastration in the animal kingdom of transmutation 
by reduced hydration for stornge is supplied by what occurs within 
the liver. The augar contained in the portal system, taking origin 
from the carbohydrate matter ingested, is stopped by the cells of Ihe 
organ and transformed into glycogen. By transmutation into 
glycogen the carbohydrate is checked in its onward progress to the 
genera] circulation, and subsequently, it may be reasonably aaaumed 
from all the knowledge at our diaposal, TO.eeta ■with application 
through one or both of the other methods of disposal of carbohydrate 
matter by the agency of living piotoplasm. 

It ia interesting to note that in tracing tho sequence of events 
occurring in the animal system in connection with ingested starch, 
we have the same train of phenomena to deal with as in the growing 
seed. The starch is first transmuted by fernient action — by diastase 
in the one case and the amylolytic ferments of the digestive secre- 
tions in the other — into sugar, a body susceptible of diffu.'fion and of 
transpoit in solution. By the portal system the sugar ia conveyed to 
the lirer and brought within the sphere of influence of its cell-proto- 
plnsm. Here transmutation of the opposite kind to that before 
occurring takes place, with the production of glycogen. By diffusion 
the sugar taking origin from the starch in the growing seed arrives 
within the reach of the power belonging to the living protoplasm 
of the embryo, and, as in the caae of the liver, transmutation in the 
direction of diminished hydration oeears, resulting here in the pro- 
duction of cellulose. The same train of phenomena may be traced aa 
conatituting a part of the life-history of the plant itself. The 
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primordial starch produced by the chlorophyll corpnsclos in the leaf 
reaches the sap as sngar, which on arriving at seats of protoplasmic 
activity is tranamuted down iu hydration to fabric and storage carbo- 
hydrate. Tho sap of the plant, looked at from the point of view in- 
dicated, stands, it will be observed, in an analogous position to the 
contents of the portal Bystem of the animal. 

I have referred to the protoplasmic transmutation of sugar into 
glycogen in the liver. But the tranamutative power by no means 
eicluaively belongs to the liver — indeed, I am disposed to think that 
it eiiats as a geneial property of the protoplasmic matter of the 
body. Certainly, glycogen is recognisable, and even it may be 
largely ho, in other parts of the body, and it is probably produced at 
its seat of presence. Every part of the body contains sugar in- 
trinsically belonging to it, which may come from the cleavage of the 
proteid matter around. The glycogen may be derived from this 
sugar, or may possibly constitute a product of the cleavage process. 
In the multifarious actions occurring in a living part there is, doubt- 
less, much complexity of result ansing from the antagonistic efEects 
of ferment and protoplasmic actions. 

Farther evidence is afforded through the kind of sugar found in 
the urine after the direct introduction of glucose into the systeni of 
the carbohydrate- transmuting power of living matter in the direc- 
tion of a diminution of hydration, taken as represented by a diminished 
cupric oxide reducing capacity. 

At p, 189 I gave a description of experiments in which glucose, 
derived from, honey and proved by examination to have the same 
cnpric oxide reducing power before and after sulphuric acid, was 
injected into the jugular vein. In tw' 
which urine was procurable the sugar 
a state considerably removed 
reducing power belonging to it being considerably less than that 
shown to exist after treatment with sulphuric acid. The results of 
otber experiments were also given, conducted with Icevulose derived 
from the recently introduced trade article. Here, however, the 
destructive action exerted upon the sngar by boiling with snlpbnrio 
acid, in accordance with the known effect upon Icevulose, was sach as 
to lead to considerably lower fignrea being obtained after than before 
treatment with the acid. From this counteracting circumstance no 
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opportunity was giyen of ascertaining whether in reality any dimi- 
nution of cnpric oxide reducing power occurred. 

It would hardly have been snrmised that such results would have 
been yielded. They agree, however, with the general tenor of ex- 
perience set forth in this work which is to the efEect that by the 
agency of living matter the carbohydrates are moved within the 
system in the direction of lessened cupric oxide reducing power 
instead of in the reverse direction as happens as a consequence of 
ferment action. Thus fitting in with and supporting, as they do, a 
general principle of action shown by other evidence to be in opera- 
tion, they acquire considerable importance. On this account, in 
order that the point might be placed beyond doubt, I deemed it 
advisable to undertake a further series of experiments, and I found 
that I could simplify the operative pix)cedure by injecting the sugar 
solution into the subcutaneous tissue instead of into a vein. As will 
be seen from the results to follow, confirmatory evidence was supplied, 
and it may be considered to be established that sugar reaching the 
general circulation as glucose, and thence brought into contact with 
living protoplasmic matter whilst contained in the vessels and whilst 
passing through the secreting structure of the kidney, escapes in a 
form possessed of a lower cupric oxide reducing power than glucose. 

The list comprises seven experiments conducted upon rabbits con- 
secutively taken. In each case 1 gram of glucose (derived from 
honey) per kilo, of body weight was injected into the subcutaneous 
tissue of the back, the animal being temporarily placed under ether 
for the performance of the injection. Urine was obtained from the 
bladder about two hours afterwards. The delicacy of the ammoniated 
cupric test is such as to permit of very small quantities of urine 
sufficing for analysis, and dilution to the extent of 30, 40, or 50 times 
is requisite. The urine, suitably diluted, was divided into two por- 
tions, one being titrated at once, and the other after boiling for an 
hour and a half with 2 per cent, sulphuric acid under the inverted 
condenser. In each case, as shown by the tabular arrangement given 
of the results, the sugar present in the urine possessed a cupric 
oxide reducing power much beloP7 that of glucose, although glucose 
was the form of sugar injected. 
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Nature and amount of Sugar in the Urine 
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The above results very atiikiagly show that the amount of cnprio 
oxide reducing power after treatment ivith sulphuric acid greatly ex- 
ceeded that existing before. It is asserted that aaimal gum, an 
amylose carbohydrate, may exist in the nrine. If present, it -would 
Berve to acconrit for the difference revealed in the results obtained. 
To ascertain if the difference wei-e attributable to such a source, & 
portion of the urine in three of the experiments was poured into a 
large quantity of absolute alcohol. The effect of this upon animal 
gum would be to precipitato it. After standing for tweuty-four 
hours the alcohol was filtered oS, evaporated down, and the product 
subjected to titration with the ammoniated cupric test before and 
after treatment with sulphuric acid. The results obtained revealed 
the same kind of difference as was noticed in the original examina- 
tion, thus rendering it evident that the phenomenon observed moat 
be ascribed to the presijnce of -ingar with a lower cupric oxide redac- 
ing power than that of glucose. 
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I have mentioned that a certaia amoant of engar exiata in normal 
ariae, and the evidence before me points to the nature of the sngar 
standing in accord with what has been mentioned above in eserting 
an incfeased cupi'ic oaide reducing action after treatment with sulph- 

The kind of sngar eliminated in diahetea is, on the other hand, 
ordinarily glucose. I have had a number of examiaationa made, and 
it is only in a. few instances that a aagar with a lower cupric oxide 
reducing power has been met with. 

2. Application to the Production of Proteid. 

The observations of Pasteur upon the growth of yeast may be 
considered to reduce to demonstration the production of proteid by 
the agency of protoplasmic action from the incorpoi'ation of carbo- 
hydrate with nitrogenous matter. The queKtioa was considered in 
an earlypart of this work (p. 53, et seq.), and it was there shown that 
yeast cells, which consist of little roa.'saes of living protoplasm, placed 
in a medium composed only of sugar, tartrate of ammonia (nitrate of 
ammonia, which has no carbon entering into its constitution, and, 
therefore, renders it absolutely evident that the carbon of the newly 
formed pj-oteid must be derived from the sugar, may be substituted 
mineral matter, and water, grow and multiply — a 
I that fresh protoplasm, and hence proteid, mnst 
be produced. The conditions here are so simple as to leave no room 
for hesitation in accepting the conclusion to which they lead np, 

Upon the sfrength of what is observable in the higher vegetable 
organisms, it is likewise affirmed in settled terms by vegetable 
physiologists that carbohydrate matter is ntiiised in the production 
of proteid by incorporation with a nitrogenous principle (vide pp. 54 
— 56). Asparagiu, a crjstalliaable and diffusible Bitiyigenous prin- 
ciple widely dispersed through the vegetable kingdom, appears t^J play 
an important part in connexion with the operation. Sachs, in his work 
on the ' Physiology of Plants,' in several places speaks of it as an 
established point that from carbohydrate matter and asparagin proteid 
ia formed, and further asserts that the converse process of splitting 
up of proteid with the liberation of aaparagin, for fresh service in the 
same direction, likewise constitutes an operation ooourring in associa- 
tion with metabolic activity. Other nitrogenous principlea may take 
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the place of aaparagin, and '^ith the Eupply of the nitrogen- contain- 
ing compounds, on tlie one hand, from the soil, and the prodaction oE • 
carbohydrate in the leaves from the carbonic acid of the atmosphere 
and the elements of water thi-ongh the infltteiice exerted by the son's 
raya, we have before ns the sonroe of the princijilea entering into the 
constitution of proteid matter. 

It is, then, distinctly affirmed that proteid in the plant is con- 
stnicted from carbohydrate matter and asparagin, or aome other 
nitrogenous principle, by the agency of protoplasmic power, and, 
further, that a dissolution of the proteid thns formed afterwards 
takes place, with the liberation of asparagin, which again enters into 
the conatraction of proteid by conjugation with fresh carbohydrate 
matter. Nothing is here said by Sachs about carbohydrate iasoiiig as 
a cleavage product from the proteid, althoiigh it is spoken of as con- 
stituting the complementary part to the asparagin in the process of 
conatrnction. Elsewhere, it is trne, reference is made to protoplasm 
being coucemed in the deposition of sturch, &a., as storage, and 
cellulose as fabric material, but the qaestion is not pursued to any 
fnrther extent. Looking, however, at all the knowledge in our pos- 
session, I am led to ^o on and say that the weight of evidence and 
probability is in the direction of proteid construction constituting an 
important intermediary in the physiological progression of carbo- 
hydrate matter. Thiwagh its glucoside constitution, proteid matter 
stands as an impoi'tant factor in the play of changes connected 
with life, iuto which the carbohydi*atea enter. 

Let me cany the diaoassion into the domiiin of materiality, and take 
for illustration a growing bud. At the seat of metabolic activity 
asparagin is prodnced by the dissolntion of previously formed 
proteid matter. The asparagin thus originating exists in contact 
with sugar continuously being derived from the starch taking its 
source in the chlorophyll corpuscles under the operation of the solar 
energy. Through the instrumentality of the living protoplasm within 
the sphere of inBnence of which the two principles are lying, in- 
corporation into proteid takes plane with the contemporaneons growth 
of protoplasm. Observation testifies that where the protoplasm has 
existed, fabric cellulose becomes deposited, and, from a review of all 
the circumatances, it may be looked upon as probable that the depo- 
sition occurs as the result of proteid cleavage, with the concurrent 
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liberation of aeparagin to oontribato to a repetition of the operation 
with froah carbohyiJrat* mattop, generated by the Htarch-forraing 
chlorophyll. Under the view presented, the protO])Iasni of thp grow- 
ing pfirt incorporatea into itself the newly formed cai-Ijohydrate, and 
anhscqnenlly leaves it behind as lignified cellulose in its track, jiist as 
a coral polype incorporatea into ita tiabstance calcareous matter 
which it leaves behind in the form of the coral stnicturo aa it 
grows on. 

The account that has been given will equally apply to the growth 
of the seed and the shoot of the tuber, the only differenoo being tlwvt 
the new organism draws its carbohydrate from storage material in- 
stead of from a generating source. 

Economy of nitrogenous matter is noticeable in the proceBs do- 
scribed. A certain amount, it ia true, of the protoplasmic nitrogen in 
left behind with the fabric carbohydrate, and in connection with the 
storage carbohydrate there is evidently a special deposition of nitro- 
genous matter to meet the requirements of the growth aubHoqunntly 
to take place ; but with the repeated eorvice of asparagin that liaa 
been allnded to, an economical provision, aa regardn nitrogonoua 
matter, exiats for bringing about the ntiliaation of a large amount of 
carbohydrate material. 

I have drawn proof of the production of protoid by the inoorpora* 
tion of carbohydrate with nitrogenona matter tlii-oiigh pi-otoplasmio 
power, from the actions occurring in the vegetable kingdom. Ac- 
cording to the view I am propounding, the disposal of carbohydrate 
matter in the several ways to which I am referring is tho rosult of an 
attribute or power belonging to living protoplasm, without distinc- 
tion as to which of the conventional kingdoms of nature it happenit to 
fall into. I will proceed to adduce evidence pointing to the ntili- 
sation of carbohydrate in the animal kingdom in the pi-odnotion of 
proteid matter ; but, before doing so, I may remark that what has 
been said in this work about tho glucoaide constitution of proteid 
matter gives very great support to tho whole propoaition. Utilised 
in the formation of proteid, it is only in accord with what might bo 
expected that it should be snaceptible of withdrawal under the 
operation of inflnences effecting a disrnption of the proteid molecule. 
The two stand in harmony, and mntnally substantiate each other. 
- We start with tho carbohydrate matter derived from ingestion in 



AUTHOR'S C0HCLUSI0N3. 



the alimentary canal. Tlie chief portion takes rise from free carbo- 
hydrate contained in the food, bat a portion (p. 50) issues from the 
cleavage of the proteids of the food by the proteolytic ferments of the 
digeativo tract. From whatever boh roe starting, carbohydrato 
matter in the form of sngar is tying in association with the nitro- 
genous product of proteolytic ferment action — peptone — within the 
sphere of inHuence of the extremely active little raaases of protoplasm 
constituting the cells covering the villi. The circumstances here 
present no essential difference from those existing in Pasteur's ob- 
sorvatian. For the joaat cells we have only to substitute the cells of 
the villi ; and, one kind of protoplasm having the power of conjuga- 
ting carbohydrate and nitrogenous matter into proteid, it may not 
unreasonably be looked for that the other should also be endowed 
with it. 

I have shown that the portal blood, after the ingestion of carbo- 
hydrate food, contains considerably more sugar than is met with in 
other pai'ts of the circulatory system. From the application of the 
analytical procedure for obtaining cleavage carbohydrate from pro- 
teid matter, it is learnt that higher figures are hero also given than 
by the blood existing elsewhere. This matter ia referred to at p. 215 
e( seq., and it is there fui'ther seen that, after the injection of sugar 
into the jugular vein of rabbits, the contents of the circulatory 
system furnished considerably larger amounts of amylose carbo- 
hydrate than under other circumstances has been found. The evi- 
dence upon the point, taken in its entirety, certainly tends to show 
that the presence of carbohydrate leads to increased i-esults being 
yielded by the analytical procedure for obtaining , cleavage carbo- 
hydi'ato, thus falling in with the view propounded regarding the 
application of carbohydrate to proteid formation. 

What is noticed with regard to peptone stands in haimony with 
the disposal under consideration of carbohydrate matter. By the 
proteolytic ferments of the digestive system, the proteid molecule is 
split up with the production, as is well known, of peptone ; and, as I 
have shown in an earlier part of this work (p. 50), of sugar. This 
is the first step in the application of proteid matter as food. Thns 
broken up into more simple principles, it is placed in a suitable state 
for the exercise of the synthetic action of the living protoplasm 
within the sphere of infiuence of which the products lie. Fepto&e 
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may be regarded a,B standing in the positioa of asparagin and other 
allied nitrogerioas principles of the vegetable organiflm, and also, it 
may be said, of the tartrate of ammonia in Pasteur's yeast cnltnra 
liquid, in relatioo to the pi-oduction oE proteid. Its incorporation 
with carbohydrate matter by the agency of the synthetic power with 
which living protoplasm is endowed, safEcea to account for the pro- 
duction in the Bame manner as occurs in living nature generally of 
the protoid matter into which, by common consent, it is conceded to 
pass. Nowhere, perhaps, does more active protoplasm exist than in 
the investing cells of the villi ; and it is doabtful whether sufficient 
attention has been given to their importance as protoplasmic instrn- 
monts of action in the economy of the living animal. The altered 
characters they present during digestion, as compared with fasting, 
testify to their activity. Their number must be extremely great, 
and if, instead of being spread over a free expanse of surface, they 
were packed into a glandnlar mass constructed after the uanal 
faehion, a good sized organ wonld result. The position they occupy 
does not in reality detract from the exercise of an assimilative office 
as effectually as if they were arranged in a compact gland ; and any 
other position than that of being spread around the alimentary ti-act 
would be incompatible with applicability to meet the requirements 
associated with food. 

Now, peptone disappears from view just where it should do under 
the view that it is utilised in the production of proteid by the agency 
of Ihe cells of the villi, or, speaking more generally, the cells belong- 
ing to the inner surface of the intestinal canal. The presence of 
peptone is easily demonstrable within the alimentary canal, but it is 
not to be discovered in the contents of the general circulation, nor 
even in the portal blood or chyle. Its disappearance is spoken of by 
physiologists as being involved in a certain amount of mystery ; and 
it is stated that all that can be definitely said is that the mucouB 
membrane constitutes the seat of its conversion into proteid. Giving, 
however, to the investing cells of the villi the same power that proto- 
plasm existing elsewhere is endowed with, there is nothing myste- 
rious in the disappearance of peptone where observation shows that 
it occurs. Indeed, with the presence of peptone and sugar in the 
alimentaiy canal, and the .'Synthetic influence of protoplasm within 
reach to exert its action upon them, the disappearance of the former 
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by Incorporation into proloid in only what might bo looked for. Tho 
chief otiannot throngli which the newly-formed proteid is conveyed 
into tho Byxtem im probnlily the laotonU ; but, njiparontly, a certain 
proportion roachoB the portal blood. 

ThnB, tho point* thathavo beon referred topoRpceUng peptone givo 
Rnpport to tUo view tliat ha§ been propounded with I'ogard to tho 
apjilication of carbohydrate mutter to protoid formation through the 
modiaraof the pro(,opla«mio power of the cells of the villi. 

Other conHJiIcratioiiH of a mni'o general nature tend to ohnw that 
the nitrogononn portion of on r food is conocrnod in tho aHBimilntion 
of carbohydrate matter. Where it is deficient, evidence is afforded 
that the carbohydrates do not become applied within the Bystem in 
tho same beneficial manner an whore it in present in due proportiou. 
Tho food must contain a certain qaantity of nitrogenoua matter for 
the cflrbohydrato portion of it to bo turned to proper acconnt. Tho 
ahaorbcd material which cKcapon application by tho protoplaam of 
tho invoating ccIIb of the villi reaches the pnrt.al blood and thenco 
the liver ; and it is found that in proportion as carbohydi-ato food 
IB in oxcens, ho does the liver become charged with transninted angar 
under the form of glycogen. In the laboratory, advantage is taken 
of thJB foot when it is desired to procure glycogen in quantity. 

I look upon it that there can actually bo no doubt that one of ttio 
purposeH to which the carbohydrates are applied in tho economy of 
life 18 participation in the prodection of protcid matter, Such being 
the cone, the position aasigned in Liebig's clattsification to the nitro- 
genous conBtitnents of food as exclusively representing tho ficBh- 
foiming principles, can no longer bo considered to hold good. With I 
incorporiition into tho protoid moloonio, carbohydrate matter contri- 
butes in reality to flesh formation ; and, universally diatribnted 
throughout the syRtem in this shatc, it represents a large amount of 
lockod-up carbohydrate existing in tho body. Thus circumstanced, 
it stands in a position to permit of its retention, and possible farther 
utilisation, in contrast to the condition existing in diabetes, where, 
reaching the general circulation in a free atuto, it passes oS u 
unused material with tho urine. 

A few pageH bock I spoko of proteid, through its synthesis and 
cleavage, coestituting a medinm for tho utilisation of carbohydrate 
matter in tho vegetable kingdom. The same pixibably occurs in the 
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animal kingdom, For instance, on looking at tlie varions aurroundings 
of the case, the idea, it seems to me, that moet satisfactorily accounts 
for the origin of the lactose, fat, and casein of milk ia that they all 
constitute cleavage products from proteid matter. Casein, it happens, 
as I mentioned (p. 32) when speaking of the glucoside constitution of 
proteid matter, differs strikingly from tho other proteids examined in 
yielding quite an iasigniflcant amount only of cleavage carbohydrate — 
a condition that harmonises with what might be looked for on the 
hypothesis of its cleavage origin. The sugar mot with in the several 
stmctures of the body may take origin from proteid cleavage. In tho 
advanced stage of severe cases of diabetes, some of the sugar elimi- 
nated IS evidently dmwn from tho tisanes of the Ijody, An excessive 
cleavage of proteid, arising from the particular state existing, 
adequately affords the explanation wanted. 

(3). TTunsformation into Fat. 

The question of whether it is possible for carbohydrate matter to 
be transformed into fat in the animal system was tho subject of warm 
controversy during the first half of the present century, and several 
names of renown stand associated with it. The settlement then 
arrived at was in the affirmative, and the advance of knowledge that 
has since taken place attests the correctness of the conclusion. The 
animal kingdom, indeed, it may now without hesitation be asserted, 
stands in tho position of a large constructor of fat from the carbo- 
hydrate matter constituting the pi'imordial organic p^^Dd^ction sup- 
plied to the living kingdom of nature by the vegetable organiara 
operating under the influence of the power derived from the sun. 

If it be ti'Qe, as is believed, that carbohydrate matter repreaents 
the initial condition of all organic products, the whole of tho fat 
encountered in both kingdoms of living natni'e must take its origin 
directly or indirectly from carbohydrate matter. From the nitrogen- 
containing compounds and mineral matter supplied to the plant 
through the roots, and the carbohydrate matter produced by the 
leaves, we have the basis for the construction of the various complex 
organic products that exist. Now, evidence is adducible fi-ora which 
the conclusion may be drawn that fat is susceptible of taking origin 
from these complex organic products by dissociation, brought about 
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in the preeeace of certain oonditione. We do not in thia case 
discern, upon a superficial view of the matter, any direct connexion 
between fat and carbohydrate, bnt, if carbohydrate is the aonrce of fat 
and oM tlie carbon coniponnda of living natare, the fat muBt, whatever 
the intermediate stages that may have existed, have ultimately tatcen 
origin from it. 

From what has been said, however, in this work about the origin 
and the conntitution of proteid matter, the sequence of events 
becomes intelligible. In view of chemical experience, there is 
nothing unreasonable in the proposition that carbon may enter the 
proteid molecule as carbohydrate, and come ont from it in the form 
of fat. Under one set of conditions the cleavage may be attended 
with the liberation of a carbohydrate, and, under another, with that 
of fat. Even with the direct production of fat from carbohydrate, 
there may be passage through proteid matter. Certainly, protoplasm 
IB a necessary factor in the process, and there are grounds tor con- 
flidering it more than probable that the result is attained through 
incorporation and iiboration, rather than by direct transformation. 
Should the former supposition Iw right, there is no essential diffe- 
rence between the production of fat, as an act of assimilation, from 
carbohydrate and the origin o£ fat, by the cleavage of proteid matter 
belonging to the textaral constituents of the body, which takes place 
to a prominently marked extent in fatty degeneration. 

The growth of yeast cells in Pasteur's sugar pabulum has been 
already taken advantage of to illustrate the transmutation of carbo- 
hydrate matter from a higher to a lower state of hydration, and its 
application, in the presence of a nitrogen- containing compound, to 
the construction of proteid. The example in question may also be 
made use of in connexion with the farther point that is under con- 
sideration, inasmuch as it likewise serves to illustrate the production 
of fat from carbohydiate. Yeast, as Pasteur and others have shown, 
contains at least I to 2 per cent, of fat. Its growth in a medium 
containing no fat, and with sugar as the only possible source of it, 
which is the case when the nitrate of ammonium is substituted for 
the tartrate of Pasteur's liquid, affords conclusive proof of the 
convertibility of carbohydrate into fat. 

The fact of the production of fat from carbohydrate is abundantly 
attested by examples that can bo drawn from the higher forms of 
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y^etable organisation, in some of which it is very oxtonsivoly 
carried out. 

In the oily seeds the iai is preceded by starch and sufj^ar. SacliH* 
says " Before maturity snch seeds contain no fat, bnt only Rtarch and 
sugar. Such nnripe seeds (e.^., of Pceonia) may be detached from i\w 
mother plant, and allowed to lie in moist air with the i*eHnlt tJuit 
the starch disappears and is replaced by fatty oil.*' Again ,t ** Tlu^ro 
is not the slightest doubt that fat is formed in ripening hoc<1h from 
carbohydrat-es, particularly starch, since this transformation taktm 
place in the nearly ripe seed, even when taken out of the fruit, when 
no other material is available under the circnmstancoH for the fornni- 
tion of fat." 

If, as appears in the oily seeds, it is susceptible of demonHiratioti 
that fat is produced from carbohydrates, it is equally dofnonHtrablo 
that carbohydrates are reciprocally producible from fat. Tlie (unbryo 
of the oily seed grows in the same manner, and, in iin j^rowih, 
develops the same kind of structure as that of the Htarrliy himmI. 
The cellulose and other carbohydrates found in Mio Mrodliti^ ivrn 
obviously derived from the fatty reserve in tlitJ oiu^ oaHo, juhI. hm i.l»py 
are derived from the starchy reserve in the other. 

However inexplicable, from a strictly cliemical point of viow, hiicIi 
transformations may be, the fact is evident tliat in tho oily n(mm1h 
fatty matter is, in the first instance, produced from cnirboliy<lni.in, 
and, subsequently, in the growth of the Hcodling, roconvrrlpd inio 
carbohydrate. 

In the animal kingdom fat is, without queniion, prodncMid upon n 
very extensive scale from the carbohydratoH. TIjo iu»inial nyMlotn 
constitutes, in fact, a laboratory wherein the rapacity oxiniH ft>r (^m- 
verting carbohydrate matter into fat. In the miloli now, in tin* 
fattening of animals for the table, and in the produelion of ilm faio 
gras in the Strasburg goose, wo have inHtancon of ilio i^xtotmivo 
operation of the process, and I need not dwell furiln^r tipon tlio 
question of fact, but will proceed to coiiHider that of wliert^ and how 
the change is brought about. 

The ferments of the digestive system place the carboliydrate nnitter 

• * Lectures on the Physiology of Plants,* by Julius Ton Sachs. Translutod by 
H. Marshall Ward, p. 823 : Olarerdon Press, Oxford, 1887. 
t Loc. cit,f p. 384. 
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of our food in a Boluble state, if not already existing so. The small 
iiiteatine is the part of the alimentary tract where absorption of 
the nutrient matter specially occurs, and, here, the carbohydrate is 
intimately intermixed with the product of digestion of nitixigenonB 
m.atter. Thus prepared, the carbohydrate pi-oduct falls, in the 
process of absorption, within the sphere of influence of living proto- 
plasm represented by the cells investing the villi. These cells are 
recognised as the agents concerned in the absorption of fat, but no 
thought appeal's to have been given to them as transformers of 
carbohydrate into fat, although, if we bestow attention to the matter, 
evidence is seen to be forthcoming suggesting that they, in reality, 
fulfil this function. 

It is well known that after food rich in fatty matter the lacteals are 
charged with milky chyle, that the colls of the villi are more or less 
loaded with fat, and that fat globules pass from these cells throngh 
the centre of the villus to reach the current in the lacteal system. 

Observation conducted upon the vegetable feeder after tho inges- 
tion of food rich in carbohydrate matter and poor in fat reveals the 
existence of a precisely similar state of things. On taking, for 
instance, a rabbit about four hours after a meal of oats, killing it, 
and opening the abdomen, coils of the smalt intestine are seen, 
eapBciaHy after a few minutes' exposure, to present a white opaque 
appearance, with milky streaks or lines upon the surface, due to flow 
of chyle beneath the peritoneum ; and the lacteals of the mesentery, 
owing to the milky character of their contents, are conspicuously 
visible. The reoeptacnlnm chyli ia also, from the same cause, readily 
perceptible, and, if cut into, gives esit to a strongly milky fluid. On 
the intestine being laid open, a more or less densely white condition 
of the internal surface presents itself to view, due to tho extent to 
which the mucons membrane ia charged with fat, and the villi stand 
out as opaque projections. 

In order that tho condition described may be satisfactorily visible, it 
is necessary that favourable circumstances should exist. The animal 
itself must be in a good healthy state. The food mast be of a natural 
kind and sufficiently rich in farinaceous constituents. Moistened 
oats, in the case of rabbits, have yielded Ihe most marked results. 
After fasting, with unfavourable food, and in ill-conditioned animals 
the appearance strikingly diSers. The intestine is transparent and 
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watery, and tHe lacteals are not perceptible. Between this condition 
and that in which the lacteals are fully injected, any intermediate 
degree of milky character may, of course, be perceptible. 

From the appearances presented, then, to the naked eye, it is learnt 
that under suitable food, rich in starchy matter, the same passage of 
fat through the lacteals occurs as after feeding directly with fat. It 
seems to me impossible that the quantity of fat observed to be thus 
entering the system could be derived from that contained in a free 
state in the food. Analysis of the oats consumed in my experiments 
placed the amonnt of fat present at 5 per cent., which agrees with the 
estimations made by others. 

Upon the facts before us, the following train of reasoning may, I 
am of opinion, be legitimately set forth. We know, upon irrefutable 
grounds, that ihe capacity of producing fat from carbohydrate matter 
exists within the animal system, and must be extensively in opera- 
tion. The intestine constitutes the main seat of preparation of 
carbohydrate matter for absorption and subsequent utilisation, and 
from the intestine we find fatty matter flowing into the system 
through the lacteals, which cannot be adequately accounted for, 
except on the hypothesis of its oingin from the carbohydrate matter 
of the food. Indisputably, the formation of fat takes place some- 
where in the system, and there is no situation more propitiously 
circumstanced to meet all the requirements of the problem than the 
intestinal villi. Moreover, with the seat of formation in this position, 
the introduction of fat into the system as a production from carbo- 
hydrate food, is brought into conformity with its direct introduction, 
preformed, from without. In the one case, the fat is simply absorbed, 
and reaches the lacteals ; in the other, it is produced by assimilation 
from carbohydrate matter, and then similarly reaches the lacteals. 

If we now pursue the matter further, and give attention to the 
villi, it will be seen that support is afforded to the view that has been 
advanced. 

It may be confidently assumed that it is through the operation of 
protoplasmic action that the transformation is effected. For many 
years I have been acquainted with the fact that the lacteals are well 
charged, as above described, with milky chyle after tho ingestion of 
carbo-hydrate food ; but it did not occur to me, until recently, that it 
was permissible to look to the villi as constituting the seat of the pro- 
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dnetion of fat from carbohydrate matter. I Lad thonght that tho 
most likely position, for tlie tranBfonaation Tvas in the liver, and, 
donbtlesB, as atands in accord with general opinion, the liver poaseBses 
the power of exei-iing more or leaa efCeot in thia direction. But, 
looking to the liver as the special seat of transformation, there came 
the question of how the fat reached the syBtcm. I sought for it in 
the hepatic vein, and took into account the poBsibility of its reaching 
the intestine under tho form of the reainoid couBtituenIa of the bilo. 
After conducting an extended enquiry into the matter, I failed to 
obtain evidence reconcilable with the carbohydrate matter of the 
food being further than to a partial extent diaposed of by the agency 
of the liver. I learnt nothing aatiafactory about fat reaching the 
hepatic vein, and, with respect to the bile, the information obtained 
failed to sufficiently give the explanation needed. 

It waa upwards of twenty years ago that my experiments were 
conducted. Through the medium of a biliary fistula I collected the 
bilo, and estimated the amount of solid matter paaaiug from the liver 
to the intestine, under various conditions as regards iugcsta. The 
outcome of the results was quite inadequate to account for the fat 
manifestly produced in the system from the carbohydrates of the 
food. I saw sufficient to lead, mo to tho opinion that some, if not all, 
of the fat produced in the liver cells is metamorphosed into reslnoid 
biliary prineiples, and, in this form, transmitted to the alimentary 
canal. Here indications presented themselves of tho occurrence of 
re-conversion into, and subsequent absorption by the villi as, fat. 
The effect of the acid chyme escaping from the stomach is to throw 
down tho glycocholic acid of the bile when the two arrive in contact. 
An emnlaion-like product is formed, from which it has appeared to 
me that milky chyle baa arisen. Further, under certain circum- 
stances, I have witnessed in the strictly fasting dog the lacteals 
coming from a limited portion of the intestine to be charged with 
milky chyle, and the interior of this limited portion to contain a 
coloured bilious fluid, from which other parts were free. 

Such waa the unsettled position in which tho matter formerly 
stood. A new light baa been thrown upon it by the iasue of recent 
enquiry. We look to protoplasm as the agent for effecting the trane- 
formatiou. But protoplasm administers to various offices. In some 
instances ita special purpose is to produce secretions of different 
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kiodB, in otterB it may be designed to undergo metamorphoBis into 
textttral elements endowed with particnlar functional attributes. 
Assimilative power over food principles may be looked upon as uon- 
atitnting its most primitive capacity, and, he regards this capacity, it 
is possible that it does not become annulled when other functions 









e inges- 



are fulfilled. Erideace, at all events, is adducible 
port of this view. 

The protoplasm of the cells of the villi may be regarded a 
ally intended for the performance of aasimilative action, 
study the villi microacopically the appearances seen aftei 
tion of food and at a period of fasting are very differen 
fasting state they are covered with a layer of closely set columnar 
cells provided with nuclei and granular contents. Here and there 
cells raay be discovered containing a few fat particles, but nothing 
beyond this in the direction of fat ia discernible. The appearance 
presented by the cells is delineated in one of the aketches on p. 253. 
At a period of digestion numbers of cells become more or leas loaded 
with fat, as shown in the other sketch on the p(^e. Of those which 
become thus chai-ged, many present a mnch altered form. The 
columnar character, it is true, predominates, but the columns are 
thicker and shorter. Often the cells aro conical or peai'-shaped. 
Sometimes they are spheroidal, looking in this state very much like 
fat- containing cells derived from the liver. Speaking of this re- 
semblance, the cells of the liver, indeed, appear to play a supple- 
mentary part in the formation of fat from carbohydrate to that 
played by the cells of the villi, assimilating the carbohydrate matter 
which escapes being assimilated in the villi, and which, as a result, 
is permitted to reach the portal blood. It is intevesting to notice that 
both in the case of the lacteal and the vascular system a second line 
of protoplasmic matter, consisting of the lymph cells of the absorbent 
glands, on the one hand, and the cells of the liver on the other, has 
to be passed before the genoi'al circulation is arrived at, 

I do not see that any other conclusion is permissible than that in 
the cells depicted, from villi of the rabbit fed upon oats, the fatty 
matter was the product of the influence of protoplasm upon the carbo- 
hydrate matter ingested. Looked at in their entirety, the points before 
us stand thns. Beyond all question, as previously stated, the produc- 
tion oE fat largely takes place within the animal system fi-oni ca^bo- 
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e food the lacteals are seen to he charged 

luannei' as occurs after the direct in- 
imic cells of the villi intervene between 
intaiued. in the alimentary canal aud 

1 lacteals. These pixttoplaamic cells, in 
the presence of carl) ohyd rate food, are foand to become more or leaa 
loaded with fat, which iinds its way into the lacteal system. Within 
the villus there ia evidently a great protoplasm-generating capacity. 
Besides the columnar epithelial layer, which, as I have before mea- 
tioned, at the time of assimilative activity assumes, to a greater or 
loss extent, au altered character, a number of lymph or wandering 
cells are to be seen. The two lie in close juxtapoaitioD, and probably 
both contribute towards rendering the villi richly provided with 
protoplasm, propitiously placed for exerting an aasiuiilativo action on 
the food principlea prepared by digestion for service in the system. 

At pp. 254, 25S, 256, and 257, photo-engravinga of micro-photo- 
graphs are furnished, representing the villi in section, after fasting 
and after the ingestion of oata. The intestine was in each oase 
subjected to the usual treatment with oamic acid for staining and 
bi'iuging into view the fat, and then embedded in pafaffin for ths 
section cutting. Preparatory to mounting in Canada balsam tho 
sections were faintly tinted with htematoxylin. After fasting, no 
appearance of fat is presented, whilat, after the ingestion of oats, not 
only is black stained fat visible in parts of the epithelial layer, but 
likewise coui'sing along in the centre of the villus, just aa is per- 
ceptible after the direct ingestion of fat. Thus the channel of actual 
entry of fat into the system is shown to be the same whether the fat 
is directly ingested or, on tho other hand, produced from carbo- 
hydrate food. In the one case the protoplasm of the villi takes tho 
fat preformed ; in tlie other it forms it from carbohydrate. In both, 
the channel of entry is through the lacteals. 
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Toint of TiUuB in section, mapiifird GOO tlimncterB, from fualing mlibit. Xi][en 
from a portion ot tha ppction rcpreienled at p. 254. No indication of fiit. 
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The cells of the liver, as I tiave iufcimateil, probably snpplemeiit 
tbosa of the villi ia producing fat from the cai-bohydrate wliicb 
escapes disposal in the villi and i-eaclies the portal vein as sugar, Tf 
thia be the case, we ought to find in the process of iatiening with 
carbohydrate food that the liver gives evidence of being involved to 
a greater extent in the operation in qnestion, where the villi and 
lacteal system are less perfectly developed thau under the opposite 
condition, Xow, this happens to accoi'd with what is actually 
observed. In the bird the villi are much leas highly developed than 
they are in the mammal, and in the process of fattening (for (ho 
production of the foie ffras) to which the Stniaburg geese are 
Bubjected the liver, as ia known, attains enormoua size from the 
deposition of fat. In the mammal the case etanda otherwise. 
Many years ago I visited the slaughter- houses to which some of the 
fat animals exhibited at the Christmas Loudon Cattle show irere 
taken, and was struck with the healthy and fleshy-looking state of 
the livoi' and the other abdominal organs. With efficiency on the 
part of the villi, the liver would escape the tax of work that nuder 
other circumstances would bo thrown upon it. 

I have for a long time held that what in the human subject is 
spoken of as fatty degeneration of the liver is in reality the result of 
conditions leading to excessive functional production of fat. C 
ditions may exist attended with the ingestion of carbohydrate matter 
beyond the capacity of the villi for disposing of it to the asual 
extent, and thua leave more than the ordinary amount for under- 
going conversion into fat by the agency of the liver. 

As regards the mode of trans formation, by protoplasmio action, of 
carbohydrate into fat, I consider that it may be reasonably surmised 
that the process is not a direct one, but one in which the production. 
of proteid playa an intermediate part. It has been pointed out 
(p. 240) that in the transmutation of cnrbohydi-ate matter to a lower 
form of hydration in the vegetable organism, as, for instance, in 
deposition of fabric cellulose and storage starch, the weight of 
evidence and probability is in the direction of its being effected by 
entering, in the first instance, into the constitution of the proteid of 
the protoplasm that is instrumental in bi-inging about the change, 
and then being deposited in the altered foim. Similarly, the proto- 
plasmic matter of the cells of the villi may first lead to the incorpora- 
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tion of the carbohydrate iato proteid, from which, by cleavage, the 
fat may be afterwards thrown off. 

If we here pause for a moment to look at what is observed to occur 
elsewhere, it will be seen that there is nothing irrational in the view 
that has been put forward. 

According to the description that is given in physiological works 
of the secretion of milk by the mammary gland, the alveoli are lined 
with cells consisting of growing protoplasm, which undergoes meta- 
bolic change so as to give rise to the appearance within its substance 
of fat globules of various sizes that become discharged, and constitute 
the fatty portion of the milk. Protoplasm exists to begin with, and 
from this the elements of the milk are derived apparently, it may be 
stated, by a process of splitting up. The cleavage of proteid may 
give rise not only to the fat but likewise to the lactin and casein, and 
in support of casein constituting a product, from the antecedent of 
which carbohydrate has been cleaved, we have the fact, as I men- 
tioned (p. 32) when speaking of the glucoside constitution of proteid 
matter, that only an insignificant amount of cleavage carbohydrate is 
obtainable from it by chemical means, compared with what is obtain- 
able from albumin and other proteids. 

Again, the same kind of description is employed for representing the 
deposition of fat io the development of the adipose tissue of the body. 
The deposition takes place in the cells belonging to the connective 
tissue. These multiply and become charged with oil globules, which 
grow larger and coalesce, until ultimately the cell consists of one large 
spherical oil globule, the protoplasmic remains of the cell forming 
a thin capsule around it. The protoplasm of the cell thus visibly 
becomes replaced by fat, which we are driven to look upon as split off 
from the pre-existing proteid substance. 

In the peculiar disease known as myxoedema, which is attended 
with an undue accumulation of conuective tissue conspicuously 
infiltrated with a redundance of its proteid accompaniment — mucin, 
the idea, in view of the doctrine I am advocating, forces itself upon 
the mind that the condition may be due to an imperfect performance 
of proteid cleavage and liberation of fat. The province of protoplasm 
is to construct, whilst the effect of ferment action is to split up. 
The redundance of connective tissue and mucin may be referable to 
default existing in connection with the latter process. It may be, in the 

s 2 
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dieeaae, that tbere is a want or deficiency of tha proper ferment for 

BplUting off tat from protcid, and tliat the curative effect of the 
thyroid extract treatment is attributable to the want being met by 
introducing into the syelem the ferment derived from an external 
source. 

In the fatty degeneration of muscle it may further be taken that 
an allied cleavage of fat from proteid occurs. Although the special 
object of the protoplasm may not be, &3 in the instances that 
have been dealt with, to effect the formation of fafc, the proteid — 
indeed, the same may be said of tissao proteid anywhere existing — 
may undergo dissociation with the liberation of fat when conditiona 
deviating fi'om those which tend to the maintenance of a state of 
integrity prevail. 

From tho train of reasoning before adduced (p, 245) the con- 
clusion is deduciblo that the actual source of all fat is the primordial 
carbohydrate produced by the chlorophyll corpuscles of the vegetable 
kingdom actuated by the power derived from tho sun. Starting 
with this carbohydrate, (he operation of living protoplasm is needed 
for its conversion into fat, and the first step of the process pre- 
sumptively consista of iacoi'poration into proteid. The step to follow 
■will be one of cleavage, and this may ensue either at once, as, for 
example, in the case of the villi, or subseqiuently, as in the case of 
the mammary gland, the growth of adipose tissue, Eind tho fatty 
degeneration of musctJar and other structures. 

There may be, it is tme, changes taking place within the living 
system of an ordinary chemical nature, but the two mainsprings of 
power determiniug tho chemical metamorphoses of life are proto- 
plasmic and ferment actions. The effects produced by those are 
directly opposed. Whilst we witness as tho result of the operation of 
the one a synthesising or constractive effect, the effect of the other is 
to dissever or split up. It is, doubtless, upon a delicately -adjusted 
balance of these two operations that the play of changes belonging to 
life depends. Assuming carbohydi-ate to have beeu appropriated by 
the instrumentality of protoplasmic action to the constraction of 
proteid, we have a body to deal with from which either carbohydrate 
or fat may be subsequently evolved according to the surrounding 
determining conditions. The blood sapply (embracing the state of 
tho blood whioh is influenced by that of the arteries through their 
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muscular coat governed by the nervous system) probably constitutes 
a great factor in the determination of the result. At all events, con- 
siderations, it will be seen, can be adduced, giving support to this 
conjecture. 

Observation, for instance, shows that the conditions conducive to 
fat deposition are sluggish circulation, deficient blood supply, and 
deficiency of the red corpuscular element of the blood, all of which 
tend to produce a deficiently-oxygenated state. The fattener of 
animals knows that, with a given amount of fattening food, his object 
is more speedily attained by keeping the animal in a state of quies- 
cence, and, further, in a darkened place, the effect of which is to 
favour escape from the temporary excitations of the vascular system 
produced by nerve action. The more vegetative the life of the animal, 
to a greater extent does it become a fruitful fat producer. Both func- 
tional fat production from carbohydrate and fat cleavage from tissue 
proteid are favoured. 

In illustration of the effect of deficient blood supply, and also of 
deficiency of the red corpuscular element of the blood, in promoting 
the cleavage of fat from proteid, I may refer to the fatty degeneration 
of the muscular fibres of the heart which is observed as an accom- 
paniment of ossification and other obstructive conditions affecting the 
coronary arteries, and also of the morbid state known as idiopathic or 
pernicious anaemia. The occurrence of fatty degeneration — proteid 
fat liberation — it may be added, under the circumstances named, is 
nothing more than a phenomenon standing in harmony with a recog- 
nised pathological principle applicable to the tissues generally. 

In advanced diabetes, proteid cleavage with the liberation of sugar, 
instead of fat as in fatty degeneration, occurs, and observation shows 
that an opposite kind of blood influence prevails. 

In mild forms of the affection, and in the early stage of the grave 
class of case, the tissues do not suffer when the disease is held under 
by appropriate dietetic management. Under these circumstances, 
the only fault existing is a defective application or assimilation of the 
carbohydrate matter ingested. That this is the case is proved by the 
train of reasoning I will proceed to set forth. 

The question presented for solution is whether protoplasmic assimi- 
lative action is at fault, or whether assimilated carbohydrate is brought 
back into sugar by the operation of undue ferment influence. As the 



262 author's conclusions. 

tissues, under the circumstances named, supply no evidence of being 
implicated, the exercise of the undue ferment influence, if it exist, 
must bo located in the liver ; and, as is known, we have here trans- 
muted sugar under the form of glycogen to deal with* which, if 
re-transformed into sugar by ferment action, would account for the 
phenomenon we are considering. Now, should the result be attribut- 
able to ferment action, sugar ought to be discharged with the urine 
after the ingestion of limited as well as of larger amounts of carbo- 
hydrate. The ferment would operate alike in each case, and lead to 
sugar production equal to the extent of its power of action. But, in 
the cases in question, carbohydrate can be ingested up to a certain 
amount (the amount varying with, and remaining steady in, the 
individual case) without being attended with the elimination of sugar. 
There is the capacity of disposing of ingested carbohydrate matter 
within the system up to a certain point without leading to its run- 
ning off as sugar. The only difference between such a case and the 
healthy state is that the capacity is more limited in the one than it is 
in the other, and we are driven to conclude that the fault must con- 
sist of an impairment of the power possessed by the system of 
appropriating the carbohydrate, and preventing its escape from the 
body as sugar. 

I hold, as enunciated in this work, that protoplasmic action is the 
agency by which the appropriation of carbohydrate matter is effected, 
and that the agents of appropriation are the cells of the villi and of 
the liver. Under normal circumstances, carbohydrate is not allowed 
to pass these lines of stoppage. Conditions leading to its doing so 
occasion saccharine urine, which stands proportionate in extent to 
the amount of carbohydrate that escapes arrest, and is thus per- 
mitted to reach the general circulation. All the facts disclosed by 
experience bearing upon diabetes stand in conformity with this 
asseiijion. 

I have said that we must look to deficient protoplasmic action aa 
the source of the sugar which passes off as waste material from in- 
gested carbohydrate. It cannot be conceived, however, that tbe 
error is due to the protoplasm itself. This, it may be considered, is 
endowed with an inherent power which, as long as it is in a living 
state, it retains. For the due exercise, however, of this power proper 
surrounding conditions are needed. The state of the blood I regard 
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as a most important factor in relation to this matter. An nnduly 
oxygenated state can be demonstrated to constitute a source of 
saccharine urine ; and, it is interestinsr to note, that carbonic oxide 
and also, it is to be said, the nitrites — agents which, in each case, pro- 
duce analogous compounds with haemoglobin to the oxygen com- 
pound, oxy haemoglobin — lead to the same result. Now, enough 
evidence exists to show that an unduly oxygenated condition of the 
blood, arising from vasomotor paralysis, and explicable by the in- 
creased transit through the capillaries failing to permit de-arterialisa- 
tion to the ordinary extent to occur, actually exists in connection 
with diabetes. 

A vasomotor paralysis implicaticg only the vessels of the chylo- 
poietic viscera may stand at the foundation of the form of diabetes 
limited to defective assimilation of ingested carbohydrate. The red, 
or raw meat, appearance of the tongue, and it may be of the whole 
interior of the mouth, including the fauces and pharynx, that is some, 
times seen, affords evidence of vasomotor paralysis of a more 
extended kind, and in harmony constitutes, as experience shows, 
an indication of severity. In cases occurring in persons of ad- 
vanced years, the disposition exists for the complaint to be confined 
to a defective appropriation of ingested carbohydrate. In cases, on 
the other hand, occurring amongst young persons, whilst, as a rule, 
defective appropriation of ingested carbohydrate constitutes the only 
condition existing at first, the affection progresses, and, in the course 
of time, sugar is eliminated beyond what can be accounted for by the 
food, and is evidently in part derived from the tissues of the body. 
The condition which at one time only leads to a manifestation of 
defective assimilation subsequently, on attaining a more advanced 
stage, gives rise to dissolution of constructed proteid with the 
cleavage of sugar, and thus produces the more intensified form of 
disease that becomes developed. 

It will be observed from what has been said that the cleavage of 
fat and the cleavage of sugar from tissue proteids are associated 
with opposite states of the contents of the vascular system. An 
under-oxygenated state is noticed in association with the one, an 
over-oxygenated state in association with the other. Probably the 
processes of fat and carbohydrate cleavage are always being carried 
on to a certain extent, the carbohydrate cleavage resulting under 
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natural circumstances in glycogen and not sugar, and accounting 
for the glycogen met with in various textures. 

Reading nature by the light of the evidence that has been set 
forth, we learn that, as a i*esult of the operations of life, carbohydrate 
matter becomes (1) transmuted to a lower state of hydration, (2) ap- 
plied to the production of proteid, and (3) transformed into fat. 
Some other changes of minor import contributing to subsidiary 
offices in the economy may take place, but I have no misgiving about 
carbohydrate matter passing, in the main, in the directions named 
for application to the purposes of life. Observers have hitherto been 
looking for the acquirement of knowledge concerning the manner in 
which carbohydrate matter becomes disposed of in the animal system 
by the prosecution of research in the opposite line of inquiry. Fruit- 
less results have attended, and, I am of opinion, are not likely to do 
otherwise than continue to attend such efforts. From an abyss of 
darkness, constituting the outcome of research conducted in the 
direction of change produced by ferment action and chemical agents, 
we are led, by research applied in the direction of protoplasmic action, 
to a clear and intelligible position. Harmony exists throughout, and 
the whole thing can be epitomised so as to lie in a nutshell. By proto- 
plasmic action carbohydrate matter, as observation teaches us, is dis- 
posed of in a certain manner. If not disposed of in this manner, it 
escapes from the system as useless material, producing the condition 
belonging to diabetes. 
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— a transmutation product in animal ...*•••. 236 

— chemistry and properties of •«...•.....•••••. 9 — 10 

— ^ difficulty of complete extraction by water from liver 122 — 125 

diminution compared with sugar production in liver-ferment experi- 
ments • • . • J •;.... ...•••.••..••.... 148 

discovery of 113, 211 

•— ^ estimated in analysis as glucose .••••••....• 127 

existence in yeast and other fungi 9 — 10 

^—^ formation by yoast colls 8 

general relations as a constituent of liver 122 — 131 

— ingested carbohydrate matter a source of ......«• 113 

in liver an illustration of dehydrating action 22 

in liver from excess of carbohydrate food 244 

— in yeast an illustration of dehydrating action .....•• 21 

old method of estimation of 114 

'■ physiologically a misnomer. « 9 

— post-mortem transformation of, in liver 128 

process for extraction and estimation of 28, 63 — 64 

rapid post-mortem transformation of, in liver 126—126 

■ recognition in liver-cells 122 

— representative of starch in animal kingdom 81 

-^— the term physiologically a misnomer . . , , , 212 

Glycogenic doctrine, refutation of 221 — 227 

— theory (Bernard's), fallacy at the foundation of Ill 

— — initiation of 112 — 113 
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G-ljcolose, a 2-carbon atom sugar , 1 

Glycolysis in blood, Lupine's theory 176 — 177 

G-rape sugar, see Dextrose. 

Grayimetric process of sugar estimation 69 — ^70 

Gummose, sugar from Landwehr's animal gum • 27 

Horse, tissues rich in glycogen 180 — 131 

Hydrazones 17 

Hydrolytic action of acids and ferments • 18 — 19 

Incubation, effect on sugar of egg ••••.. 207 — 210 

Intestinal juice, see succus entericus ....•• 87 

Intestine, cane sugar iuTcrting power possessed by 94—96 

-^^ exceptional state in ruminant 94, 96 

of ruminant, small cane sugar inverting power of 94, 96 

Inversion of cane-sugar by acids 92, 98 

Invertin, existence in yeast 21 

" example of unorganised ferment 19 

Invert sugar, composed of dextrose and IsDVulose 13 

formation from cane sugar 13, 92 

Kidney, sugar belonging to ••.... 201 

sugar elimination by . • • , 162 

Lacteals, milky injection of, after carbohydrate food 248 

Lactose, action of acetic and citric acids on 13 — 15 

— chemistry and properties of 13 — 15 

constitution of .... * 44 

conversion by sulphuric acid into dextrose and galactose 15 

cupric oxide reducing power of , , 13 

digestion of 99 

glucose in urine of diabetic after ingestion of 99 

osazones from, under varied conditions 14 

possibly a proteid-cleavage product 32, 245 

probably partly converted into lactic acid in alimentary canal 99 

time required for conversion effected by sulphuric acid 67 

Leevulosan, example of artificially-induced dehydration 20 

formation from laevulose 16 

Lsevulose, chemistry and properties of 16 

different optical varieties of 52 

escape with urine after injection into circulation , 190—191 

— — sources of • 16 

Landwehr, on mucin and animal gum 27 

Landwehr's " animal gum," copper compound of 35 

Lieberkiihn, glands of, function of 87 

Liebig's classification of foods as regards carbohydrates untenable 244 

Light, influence on carbohydrate formation • 4 

Liver, amount and nature of sugar in, at moment of death and afterwards 136 — 139 

T 



274 INDEX. 

PAGE 

Liver an agent for carbohydrate transmutation 236 

cells supplement cells of villi in production of fat from carbohydrate . • 258 

fat formation in 249 

Liver-ferment, observations on, after alcohol coagulation. 150, 151 — 156 

— possesses a glucose -forming capacity 146 

Liver, in different animals, in relation to glycogen 127 — 131 

— ingested carbohydrate, a source of the glycogen in 113 — 117 

• in relation to sugar 132 — 156 

in relation to sugar from ingested carbohydrates. . . • 109 — 131 

in same position as other structures in relation to amount of sugar 

present 144 

general relations of glycogen in 122—131 

— - not, as asserted, the seat of production of sugar from proteid of animal 

food 121 

of cold-blooded animal, amount and nature of sugar in 140 — 143 

post-mortem production of sugar in • • • • 133 — 140 

production of fat by cells of 258 

saccharine state found after death, one of main supports of Glycogenic 

Theory 136 

so-called fatty degeneration of, a result of excessive fat formation • • . • 258 

sugar-arresting function of : evidence of afforded by the blood 109 — 112 

^— — evidence of afforded by the organ itself 112 — 118 

sugar-forming ferment of , 133 — 140 

Lung, sugar in 2(^2—203 

Liver-substance, sugar production in, after coagulation by alcohol 147 — 154 

true state of, stands against glycogenic doctrine 223 

washed free from blood, sugar production in 146 — 147 

Living matter, special power possessed by 24 

Maltodextrin • 11 

— constitution of 45 

Maltose, chemistry and properties of 12 

— — * constitution of 44 

■ conversion by sulphuric acid into dextrose 12 

• main end product of action of saliva on starch 82 

portal blood after ingestion of 107 

production of, in pancreatic digestion of starch 84 

■ product of starch transformation 11, 12 

time required for conversion by sulphuric acid , . . 66 — 67 

Melting points of cleavage sugar osazone, galactosazone, and glucosazone. ... 48 
Milk sugar, see lactose. 

the fat, lactin, and casein of, cleavage products from proteid 259 

Mucin, " animal gum " the cleavage product of 35 

■ cleavage experiments on. 82 

example of animal glucoside 27 

Mucous membrane, intestinal, glucose-forming power of, even when dried . . 89 

Muscle, sugar in 194 — 199 

Myronic acid, example of sulphur-containing glucoside 27 

MyxQsdema, probable result of arrest of proteid -cleavage « 259 
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Optical activity, diverditj presented by the yarious sugars • • 52 

— negative behaviour of proteid-cleavage sugar 40 — 41 

Osazones 17 

Osazone crystals from sugar of egg, photo-engraving of • 207 

of kidney, photo-engraving of 201 

^— of lung, photo-engraving of 203 

— -^— of muscle, photo-engravings of 194 — 196 

— — — of normal urine, photo-engravings of 183 — 185 

— of spleen, photo-engraving of • 200 

from cleavage sugar, after passage of primary potash cleavage product 

through a copper combination, photo-engraving of 42 

— — from pepsin digestion of egg albumin, photo-engraving 

of 51 

— intermediate body, obtained in process of recovery of sugar from 

cleavage-sugar osazone, photo-engraving of i 47 

—— proteid-cleavage sugar, photo-engraving of 38 

— after recovery from lead compound, photo-engraving of 40 

produced by direct action of sulphuric acid, photo- 
engravings of • 45^-46 

— sugar in beef tea, photo-engraving of 119 

• — of blood of general circulation, photo-engraving of 158 

■ of liver frozen instantly after death, photo-engraving of . • . . 138 

of peptonised meat, photo-engraving of 120 

of portal blood, photo-engraving of 107 

— recovered from cleavage sugar osazone, photo-engraving of. • 48 

Papain, example of peptonising ferment in plant. 23 

Pancreas, sugar in 202 

Pancreatic extract, experiments with 85 — 87 

juice, amylolytic power of 84 

Pasteur, observations on proteid formation in yeast. 239 

on growth of yeast cell by incorporation of sugar 53 — 54 

— researches upon yeast 8, 20, 53 

Pepsin digestion of albumin, sugar produced in .... • 50 

Peptone, interference with reaction of copper test • • • • 43 

Peptonised meat, presence of sugar in 119 — 120 

Peptone, probable conjugation of, with carbohydrate in villi •«.... 242 

Phenyl-hydrazine, application to product of action of sulphuric acid on 

albumin 43 

behaviour of proteid-cleavage sugar with 39 

of sugars with 17 

— reaction given by sugar of normal urine 182 

— test, value of 48—49 

value of, as a sugar test, in presence of peptone « 119 

Photo-engraving of glucosazone from sugar of liver taken in ordinary way 

after death 140 

■ of osazone crystals from sugar of egg 207 

— of lung , 208 

— • of kidney , , , 201 
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Photo-eDgraying of osazone crystals from sugar of spleen 200 

from cleayage-sugar after passage of primary potash cleavage 

product through a copper combination 42 

— ^ — — from pepsin digestion of egg albumin 61 

— intermediate body obtained in process of recovery of 

sugar from cleavage-sugar osazone • 47 

'■ ~_ — ^ sugar in beef -tea 119 

■ of blood of general circulation 158 

— of liver frozen instantly after death 138 

— — — of peptonised meat 120 

— of portal blood 107 

recovered from cleavage sugar osazone 48 

of proteid- cleavage sugar osazone 38 

after recovery from lead compound 40 

of sugar titrating apparatus . . . . < 76 

IPhoto-engravings of osazone crystals from normal urine 183 — 185 

— muscle sugar 194 — 196 

— from proteid-cleavage sugar produced by direct action of 

sulphuric acid • 45 — 46 

Placenta and foetus, sugar in 204 

Portal blood, amount of sugar in 101 — 108 

form of sugar in, after ingestion of cane-sugar. 98—99, 108 

in relation to ingested carbohydrates * 101 — 108 

low cupric oxide reducing power of sugar in , 102 

nature of sugar in , 158 

product of starch digestion in 89 — 90 

— sugar in, after fasting, after animal food, after starchy food, and 

after saccharine food 103 — 108 

Potash, action on proteid 28 — 29 

employment of, in process of glycogen (am j lose carbohydrate) extrac- 
tion and estimation 63 

injection of, into liver for preventing post-mortem production of sugar 134 

Proteid, action of potash on 28 — 29 

— -cleavage by sulphuric acid 43^-49 

— carbohydrate, more resistant than glycogen to action of sulph- 
uric acid 65 

. experiments, procedure adopted in 80 

of, into fat, lactin, and casein of milk 259 

origin of carbohydrate from. , 3—4 

product by potash, copper compound of • 35 

diff usibility of • 35 

■ preparation and properties of ..... • 33 — 35 

^_ resemblance to animal gum 85, 41 

. strength of alcohol required for precipitation. ... 38 

, sugar, behaviour with phenyl-hydrazine • • 39 

combination with lead oxide 39 

. effects of different strengths of sulphuric acid in obtaining. • 37 

in relation to fermentation and optical activity 40^-41 

I osazone, melting point of ......•..••...•• 48 
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Froteid-cleavage sugar, preparation and properties of 86 — 38 

— - — ^ produced by ferment action 491 — 5 

Froteid, effect of water at elevated temperature on-. 32 

— formation from carbohydrate by cells of villi 121 

glucoside constitution of, bearings in relation to diabetes 229 

— matter, glucoside constitution of • 27 — 57 

of haricot bean, cleavage experiments on ' 31 

production from carbohydrate 233, 239 — 245 

— sugar contributing to formation of 3 

synthetic formation by incorporation of carbohydrate • 53 — 55- 

«-— of blood serum, cleavage experiments on 31 

Froteids, various, cleavage experiments on 31 — 32 

Froteolytic action, not province of liver but of digestive ferments. 121 

Frotoplasm, action on carbohydrate 233 

effects conversion of carbohydrate into fat 246 

^ — functions of • • 261 

mode of effecting transformation of carbohydrate into fat 258 

participation in deposition of starch 55—56 

■ ' ■ vegetable, constructive power of • 1, 2 

Protoplasmic action, " metabolic " and " plastic " power of 24 

— and ferment actions opposed in their effects 260 

— reciprocal play of • 24 — 26 

Ftyalin, amylolytic ferment of saliva *..... 82 

— example of unorganised ferment (amylolytic) 19 

Qualitative and quantitative sugar testing 68 — 80 

Quantitative determination of sugar by ammoniated cnpric test 71 — 80 

■ — gravimetrically 69 — 70 

of liver 136 

Baffinose, constitution of . • 45 

Recovery of cleavage sugar from its osazone , . 46 — 48 

Buminant, exceptional position of stomach and intestine in relation to can^- 

sugar inverting power 94, 96 

Saccharoses, general description of 12 — 16 

Saccharose, see cane-sugar. 

Sachs, on participation of protoplasm in deposition of starch 56 — 56 

on peptonising ferments in the vegetable kingdom 23 

— — on production of ferments in plants 25 

Salicin, example of non- nitrogenous glucoside . . • • 27 

Saliva, amylolytic ferment action of 82 

Schwann, on " metabolic " and '* plastic ** power 24 

Seeds, transmutations of carbohydrate in 26, 235 

Seegen, on absence of difference between arterial and venous blood in relation 

to sugar » , 171 

on amount of sugar in blood 162 — 163 

Sodium carbonate, effect on action of amylolytic ferments , 84—87 
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Sodium carbonate diminishes fennent action in liver substance .••'•.... 156 — 156 

sulphate, use in preparing products for analysis 58 — 59, 62 

— not to be used in preparing blood for cane-sugar estimation 108 

restraining influence on inverting action of sulphuric acid. ....•• 67 

Spleen, sugar in % 200 

Starch, action of alkalies, acids, and ferments on 9 

■ action of saliva upon • • 82 

chemistry and properties of 8 — 9 

conversion into sugar necessary for absorption 81 — 82 

— deposition in plant 8^-4 

— > - digestion of 81 — 90 

digestion, product of, in portal blood 89 — 90 

— — first visible primordial carbohydrate product 4 

time required for conversion by sulphuric acid , . 66 — 67 

Starchy food, portal blood after ingestion of 105 — 106 

Stomach, absorption of sugar from * 88 

cane sugar inverting power of, large in ruminant 94, 96 

-^— slight in animals generally 94—96 

Stomach-contents, cane sugar inverting power of 97 — 98 

Succus entericus, alleged lactose-transforming power of • 99 

glucose-forming capacity of 87 — 89 

Sucrose, see cane sugar. 

Sugar, amount and nature of, in portal blood after starch ingestion 89 — 90 

— in blood considered generally 168 — 166 

■ in blood of general circulation 161 

^— — — in general circulation not variable as in portal in relation to 

food 112 

■ — in normal urine 186 — 187 

in portal blood 101—108 

— aqueous extraction of, from blood 159 

— blood in relation to 157 — 177 

— Brucke's process for separation of, from normal urine 179 — 180 

— cane, changes of glucose and cane sugar in the growing plant 21 — 22 

different glucoses in fresh and dead plant 41 

change in nature and amount during incubation. 208 — 210 

contributing to formation of proteid. .....••.. 3 

determination of nature of 69 — 60 

derived from tissues in severe diabetes 229 

from ingested carbohydrates, liver in relation to 109 — 131 

from proteid of animal food not produced in liver but by digestive action 121 

in arterial and in venous blood 166—171 

in brain • 204 

— - in egg 206—210 

in generative organs of fish and Crustacea 205 

in kidney 201 

in liver at moment of death and afterwards, amount and nature of . 186 — 139 

ill liver of cold-blooded animal 140 — 148 

in lung 202—208 

»— in muscle • 194 — 199 
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Sugar in pancreas 202 

in placenta and foetus 204 

' in portal blood after fasting, after animal food, after starchy food, and 

after saccharine food • 103 — 108 

• in portal blood, low cupric oxide reducing power of • 102 

' in spleen 200 

• kind of, in urine after injection of glucose 236 — 238 

■ liver in relation to • • • 132 — 156 

methods of, extracting for analysis 58 — 62 

— nature of, in blood 1 57 — 158 

in portal blood 158 

— — of blood increased under abnormal conditions , 163 

of liver, nature of 125 

of normal urine, fermentabilitj of , 181 

of tissues, process for ascertaining nature of. 132 

— of urine stands in relation to that of blood 187 — 193 

possible existence of unknown modifications or varieties of 44 — 45 

post-mortem production in liver 133 — 140 

presence of, in beef tea 118—119 

in healthy urine 178 — 186 

— present in animal food , 118 — 1 19 

production of, in alcohol-coagulated liver-substance 147 — 154 

in liver after removal and washing free from blood 146 — 147 

in liver during life under certain abnormal conditions 145 

"— production from the tissues in diabetes 263 

quantitative determination of, by the ammoniated cupric test 71^80 

■ question of disappearance from blood after withdrawal 171 — 176 

— rapid production of in liver after death 125 — 126, 144 

same amount in liver as in other structures during life 144 

standard amount in blood of general circulation 101 

starch converted by digestion into •. 82 

stoppage of, by the liver, evidence of, afforded by the blood . • 109 — 112 

— — by the organ itself 112 — 118 

testing, qualitative and quantitative 68 — 80 

■ urine in relation to 178 — 193 

Sugars, artificial, with 7, 8, and 9 carbon atoms • • 1 

with less than 6 carbon atoms 1 

Sulphuric acid, cleavage of proteid by .' • 43 — 49 

different strengths of, in relation to production of proteid- 

cleavage sugar 37 

use of, in differentiation of carbohydrates 68 — 60, 62 

Sun's rays, influence in production of organic compounds 1, 2 

Synthesis of carbohydrates 5 

-^— • in plant 2 

Synthetic formation of proteid by incorporation of carbohydrates 53 — 55 

Temperature, moderately elevated, effect upon disappearance of sugar from 

drawn blood 174 — 175 

Testing for sugar, qualitative and uantitative 68 — bO 
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Tortoise, liyer rich in glycogen. • 181 

Transmutation of carbohydrates 233 — ^239 

^—^ in seeds and tubers • 26 — 26 

of sugar into glycogen a process of dehydration . . •• 117 

Tuber, transmutation of carbohydrate in 26 

Urine affords an index of the state, as regards sugar, of the blood , 162 

■ diabetic, glucose the form of sugar in, after ingestion of lactose d9 

— information derivable from, refutes glycogenic doctrine 225 — 227 

in relation to sugar 178 — 193 

— kind of sugar present in, after ir jection of glucose 236 — 238 

■ normal, amount of sugar in , 186 — 187 

— ^ behaviour with Fehling's solution under different circumstances. . 178 

presence of sugar in ,' 178 — 186 

— sugar of, stands in relation to that of blood 187 — 193 

Vaso-motor paralysis in connection with diabetes. , 263 

Vegetable kingdom the source of carbohydrates 1 

Villi, cells of, as fat-formers from carbohydrate ,, . . 248 

— ^ ^— as proteid-formers from carbohydrate 242 — 244 

possess power of forming proteid and fat from carbohydrate .... 121 

— — photo-engraving of appearance of cells of, after fasting. . . . , . 253 

■■ of appearance of cells of, after ingestion of oats 253 

— ■ of micro-photograph representing appearance in section, after 

fasting 254,266 

after ingestion of oats 255, 257 

Vitellin from yolk of egg. cleavage experiments on •. 31 

Volimietric method of sugar determination 70 

Water at elevated temperature, effect on proteid 32 

Yeast cell affords illustration of synthesis of proteid by incorporation of 

carbohydrate 53 — 64 

. affords illustration of dehydration by living matter 20 — 21 

. cells, illustrating conversion of carbohydrate into fat 246 

. illustrating proteid formation from carbohydrate 239 

occurrence of glycogen in 10 

Zoamylin, a more appropriate term than glycogen 9 

Zymogen « 19 

Zymolysis, see Feiment action. 
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